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FACTORS AFFECTING SAP TRANSMISSION OF THE POTATO 
YELLOW-DWARF VIRUS' 


R. W. HovGas? 
(Accepted for publication January 6, 1951) 


Only two of the 15 different viruses listed by Holmes (12) as transmitted 
by leafhoppers (Cicadellidae) have been sap-transmitted. The pin-pune- 
ture technique has been the most efficient method for sap-transmission of 
these viruses, potato yellow dwarf and sugar-beet curly top, to potato and 
sugar beet respectively. Severin (14), using this technique, obtained a 
mean of 9 per cent infection of sugar beet with the eurly-top virus. Later 
Black (7) reported an average of 13.7 per cent infection of potato with the 
yellow-dwarf virus. Using the carborundum method he obtained 2.5 per 
cent infection of potato. 

Black found that the potato yellow-dwarf virus is easily and efficiently 
sap-transmissible, by the carborundum method, to a wild tobacco species, 
Nicotiana rustica L. This plant is unique in that it provides a means for 
quantitative study of a leafhopper-borne virus. 

Systemic symptoms of the potato yellow-dwarf virus have been described 
on many wild and cultivated host plants (2, 6, 7, 8, 9,15). Primary lesions 
have been reported only on NV. rustica L., NV. paniculata L., and N. undulata 
Ruiz & Pav. (7). 

The present investigation is concerned with the factors influencing 
mechanical sap-transmission of the potato yellow-dwarf virus to N. rustica 
and potato. Sap-transmission of the virus to several other hosts is reported 


and the symptoms of primary infection are described. 


MATERIALS AND METHODS 


The yellow-dwarf virus used was obtained from systemically infected 
potato plants. The virus was freed from the latent potato virus and other 
possible tuber-borne viruses by means of the clover leafhopper (Acerata- 
gallia sanguinolenta Prov.) to transfer the virus to crimson clover (Tri- 
folium incarnatum lL.) and to the wild tobacco species, Nicotiana rustica L. 

The moss rose (Portulaca grandiflora Hook.) was an excellent host for 
rearing large populations of the clover leafhopper. This plant remains 
fleshy and succulent for long periods, thrives under high temperatures, and 
is generally well suited for rearing the insects in cages in the greenhouse. 

All inoculations were made by rubbing the virus inoculum on ecarborun- 
dum-dusted leaves of the test plants. Inoculum was prepared by finely 


1 Paper No. 426 from the Department of Genetics, University of Wisconsin. 
2 The writer wishes to acknowledge his indebtedness to G. H. Rieman and R. W. 


Fulton for their many helpful suggestions and criticisms during this investigation. Ap 
preciation is expressed to Eugene Herrling for making the photographs used in this paper. 
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grinding, with mortar and pestle, leaves of plants systemically infected with 
the yellow-dwarf virus. The source of the inoculum, with few exceptions, 
was leaves of virus-infected V. rustica. All dilutions were made with 0.1 M 
pil 7 sodium phosphate buffer. 

The usual method of preparing dilutions from expressed juice was un- 
suited for some phases of the study ; therefore a method was employed based 
upon measured areas of infected leaf tissue rather than measured volumes 
of expressed sap (10). Disks were punched from the lamina of systemically 
infected leaves with a sterile ;;-in. cork borer. The average weight of a 
single freshly cut disk, based upon weights of 100 disks, was about 0.012 gm. 
Each disk was considered equivalent to 0.012 ml. of expressed juice in the 


preparation of inoculum 





Leaves of Nicotiana rustica var. Brazilia infeeted with sap-transmitted po 
tato yellow-dwarf virus. <A. Primary symptoms 38 days after inoculation. B. Systemic 
svmpton 16 a s after inoculation. 

Local lesion counts of inoculated half-leaves were used as a measure of 
the amount of primary infection. Each half-leaf of a test plant was treated 
as a unit in each trial. The treatments, in a trial involving two treatments, 
were applied to opposite halves of the same leaf. When more than two 
treatments were used, they were applied at random over the possible half- 
leaf positions 

EXPERIMENTAL RESULTS 
Symptoms ot the Ye llow-Dwarf Disease 
One stock culture of the virus has been used in the course of the current 


study. The primary symptoms of the stock culture on NV. rustica are pale, 
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ehlorotic spots which appear 7 to 10 days after inoculation and become 
larger and more distinct with age (Fig. 1, A). The systemic symptoms, 
first apparent 12 to 15 days after inoculation, are veinclearing and slight 
puckering of younger leaves (Fig. 1, B 

Primary symptoms were also obtained on potato (Solanum tuberosum 
L.), tomato (Lycopersicon esculentum Mill.), and crimson clover (Trifolium 
incarnatum I. ). 

Symptoms of primary yellow-dwarf infection on potato resulting from 
leaf inoculation, using procedures to be described, are first apparent as 
small, pale-green spots. Such infection is detectable, at temperatures of 
80° KF. or higher, in 18 to 25 day S. These spots enlarge and become chlorotic 
(Fig. 2, A On some varieties necrosis of the infected areas occurs (Fig. 


2, B). 








A -—< 8 


Fig. 2. Primary symptoms resulting from sap-transmission of the potato yellow 


dwarf virus to two potato varieties. A. Russet Rural leaf, 41 days after inoculation. 
B. Sebago leaf, 26 days after inoculation. 

Primary symptoms of the virus on tomato first appear as small, chlorotic 
spots which enlarge and become more distinct with age (Fig. 3, A). Some 
necrosis of the spots may occur at high temperatures. Systemic infection 
of tomato causes a marked veinclearing of the younger leaves (Fig. 3, B). 

Local symptoms on crimson clover are detectable in 15 to 18 days as pale, 


chlorotic Spots. These spots ¢ nlarge with age. 


Factors Affecting Infection of Nicotiana rustica 
with Sap-Transmitted Yellow-Dwarf Virus 


The test plant most frequently used in previous vellow-dwart studies has 
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been the potato. The wild tobaceo NV. rustica, however, is better adapted as 
a test plant for certain phases of potato yellow-dwarf study (7) and is well 
suited to quantitative studies of the sap-transmitted virus. Accordingly, 
N. rustica var. Brazilia was extensively used in quantitative comparisons of 
efficiency of inoculation procedures. 

Vigor and age of the plant are important factors in determining the 
amount of initial infection (7). Rapidly growing plants are most easily 
infected. The youngest expanded leaf and the next older leaf, borne on a 
stem not yet rapidly elongating, are most suitable for counts of local lesions. 
Removal of the growing point and all noninoculated leaves at the time of 


inoculation favors the development of local lesions. 








Ds 
FT 








Fig. 3. Symptoms of the sap-transmitted potato yellow-dwarf virus on tomato. A. 
Primary symptoms 24 days after inoculation. B. Systemic symptoms 33 days after in 
ocul ition. 

Post-inoculation temperatures and symptom expression. Separate 


plants of N. rustica, and three temperature treatments, (a) 80° F. or 
higher, (b) 70° and 75° F , and (¢) 65° F. or lower, were used. 

Primary symptoms were expressed in 7 to 10 days after inoculation fol- 
lowing temperature treatment (a). Ten days or more were required for 
the expression of primary symptoms following treatment (b), and primary 
symptoms were slight or absent 26 days after treatment (c). 

Similarly, systemic symptoms were visible between 12 and 15 days fol- 
lowing treatment (a). Eighteen days or more were required for the ex- 


pression of systemic symptoms in (b). They were not expressed at the end 


of 26 days in (@ 
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These results show that high temperatures are most favorable for symp- 
tom expression of the yellow-dwarf virus on N. rustica. Post-inoculation 
temperatures of 80° F. or higher were used, therefore, in all subsequent 
trials. 

Pre-inoculation darkening of the host. Observations during preliminary 
phases of the study suggested a possible influence of light on the primary 
infection of N. rustica. Two treatments, darkening and nondarkening of 
the host plant prior to inoculation, were therefore used in order to deter- 
mine the influence of light on the primary lesion reaction. Some plants 
were piaced in complete darkness one afternoon and inoculated the follow- 
ing afternoon. Others, in equal numbers, were exposed to 6 or more hours 
of bright sunlight prior to inoculation. The same inoculum was used in 
both instances. Two leaves were inoculated on each plant. Primary infee- 
tion, as measured by local-lesion counts, was increased 2 to 4 times by pre- 
inoculation darkening of the host plant (Table 1). 

TABLE 1.-- Effect of pre-inoculation darkening of Nicotiana rus- 


tica on primary infection by the potato yellow-dwarf virus. Plants 
were darkened for 18-20 hr. or exposed to 6-8 hr. of bright sunlight 


























Number of Dilution Total number of primary lesions 
half-leaves of on plants 
per treatment inoculum Darkened In sunlight 
16 1;10 2984 1509 
16 1;10 982 431 
8 1;50 320 67 
12 1:10 3760 1405 





Post-inoculation darkening of N. rustica for periods up to 24 hr. had 
slight, if any, noticeable effect on amount of infection produced by the virus. 

Effect of cysteine hydrochloride on infectivity. The preservative effect 
of certain reducing agents, though not demonstrated on the potato yellow- 
dwarf virus, has been reported effective with other viruses, short-lived in 
vitro, such as the tomato spotted wilt and tobacco streak viruses (5, 10). 
Cysteine hydrochloride was one of the more efficient reducing agents in 
these studies. The known rapid inactivation of the potato yellow-dwarf 
virus in vitro (7) led to a study of the effect of cysteine hydrochloride on 
the longevity of this virus. 

The infectivity of the inoculum, with and without the reducing agent, 
was determined in the following manner. A 0.01 M solution of the reduc- 
ing agent was freshly prepared by dissolving the cysteine hydrochloride in 
0.1 M pH 7 sodium phosphate buffer. For the inoculum for the first treat- 
ment, infected tissue was ground in this solution; for inoculum for the 
second treatment, infected tissue was ground in 0.1 M pH 7 sodium phos- 
phate buffer only. The dilution, source, and amount of inoculum were the 
same for both treatments. The inoculum was allowed to age, in both treat- 
ments, for 30 to 45 min. and then was applied to opposite half-leaves of 
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V. rustica. The results show that cysteine hydrochloride definitely increases 
the longevity of the potato yellow-dwarf virus (Table 2). 
Cysteine hydrochloride and virus longevity at various dilutions. The 
effect of cysteine hydrochloride on the rate of aging of diluted inoculum 
1: 100, 1: 500, and 1: 2500) was determined. The inoculum was aged for 
periods ranging from 5 min. to 7 hr. at 78° to 80° F. Two treatments, 
inoculum plus 0.01 M cysteine hydrochloride and inoculum alone, were used 


at each dilution and were applied to opposite half-leaves of NV. rustica. No 


TABLE 2.--Effect of cysteine hydrochloride (0.01 M) on the intec- 
tivity of the potato yellow-dwarf virus 














Number of Dilution Age Total primary lesions 
half-leaves of of With W ithout 
per treatment inoculum inoculum cysteine cysteine 
12 1:100 45 min. 68 6 
12 1:100 30 min. 127 41 
6 1:100 30 min. 193 21 





attempt was made, in the experimental design, to make comparisons between 
dilutions. The addition of cysteine hydrochloride increased the longevity 
of the potato vellow-dwarf virus in all three dilutions (‘Table 3 

Cysteine hydrochloride concentration and infectivity of the virus. Four 
concentrations of cysteine hydrochloride, 0.005M, 0.01M, 0.02M, and 0.04M, 
were tested. For the inoculum for each treatment, the infected tissue was 


ground in the cysteine hydrochloride buffer solution. A dilution of 1: 20 


TABLE 3.-- Effect of cysteine hydrochloride (0.01 M) on virus 
longevity at various dilutions 








Total number of lesions on two half-leaves with dilution of: 














Age of 1-100 1-500 1:2500 
inoculum With Without With Without With Without 
cysteine cysteine cysteine cysteine cysteine cysteine 
5 min 47 6 139 9 5 0 
20 min 97 15 35 11 8 3 
Z hr. 49 0 53 4 0 0 
4hr. 40 0 £0 0 4 0 
+ Or. 10 0 7 0 4 0 
was used. ‘Two leaves were inoculated, one half-leaf per treatment, on each 


assay plant. Complete randomization of treatments, with respect to leaf 


position, was obtained by using a multiple of four plants for each trial. 


The infectivity was measured in each treatment by the number of primary 


lesions obtained on eight half-leaves. Inoculations were made at 5 min. 


and 30 min. after grinding of the infected tissue. 


The number of primary lesions, in general, increased with the higher 


eoncentrations of eysteine hydrochloride. The lesion count was 346, 604, 
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679, and 631, using inoculum aged for 5 min., with reducing agent concen- 
trations of 0.005M, 0.01M, 0.02M, and 0.04M; with inoculum aged for 30 
min. the count was, respectively, 89, 394, 449, and 572 


Factors Affecting Infection of Potato with 
Sap-Transmitted Yellow-Dwarf Virus 


Pre-inoculation darkening of the host plant. Since short periods of pre- 
inoculation darkening increased the susceptibility of N. rustica to primary 
infection by yellow-dwarf virus, trials were made to determine whether pre- 
inoculation darkening of potato would sufficiently increase susceptibility to 
permit sap-transmission of the yellow-dwarf virus. The potato variety 
Sebago was used as the test plant in all trials. Prior to inoculation, half of 
the test plants were placed in complete darkness for 16 hr. or more; the 
others were exposed to 7 hr. or more of continuous bright sunlight. The 
method of inoculation was similar to that used with NV. rustica. The apical 
growing points of the test plants were removed at the time of inoculation 
and all leaves were inoculated in each instance. The plants, about 12 in. 
high, were held at 80° F. or above following inoculation. In the first of 
two trials the inoculum was diluted 1: 10; in the second, 1: 5. 

An average of 5.6 primary lesions per leaf, based on a count of 26 leaves, 
was obtained in the first trial on potato plants which had been darkened 
prior to inoculation. In the second trial, involving 14 leaves, the average 
number of primary lesions per leaf was 6.9. No infection was obtained, in 
either trial, on the nondarkened potato plants. The results of these trials 
show that susceptibility of potato to sap-transmitted yellow-dwarf virus 1s 
markedly increased by pre-inoculation darkening. 

Temperature and the expression of primary symptoms. No controlled 
study of the effect of temperature on primary infection of potato by the 
yellow-dwarf virus was undertaken. Since the primary lesion reaction is 
best expressed on NV. rustica at 80° F. or higher, the potato inoculation trials 
were run at these temperatures. Symptoms of primary infection were 
greatly retarded at the lower temperatures. 

Cysteine hydrochloride and primary infection of potato. Procedures 
were similar to those previously used for NV. rustica. All plants were dark- 
ened for 11 hr. prior to inoculation and the growing tips of the plants were 
removed at the time of inoculation. Freshly prepared inoculum with and 
without cysteine hydrochloride, diluted 1:20 in each case, was applied to 
opposite half-leaves of Sebago potato plants. 

The two trials involved 32 leaves. An average of 26.7 primary lesions 
per half-leaf was obtained with inoculum containing 0.01 M cysteine hydro- 
chloride. In contrast, only 7.0 primary lesions per half-leaf were obtained 
with inoculum not containing the reducing agent. 

Leaf age and primary infection. Observations made in early trials in- 
dicated that the amount of primary infection might be influenced by the 
relative age of the potato leaf. To determine the effectiveness of the inocu- 
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lum on leaves of different ages, plants of the Sebago variety, 2 to 23 ft. high, 
were darkened for 11 hr. before inoculation; the growing tips were removed 
at the time of inoculation, and inoculum, including the reducing agent, was 
applied as in previous trials. 

Thirty-eight leaves were inoculated. Leaves from the middle one-third 
of the test plants, which developed 191 local lesions, were two to 12 times 
more susceptible to primary infection than either the younger, upper leaves 
or the older, lower leaves, respectively. These determinations are based 
upon entire leaves. No attempt was made to adjust for differences in leaf 
size. 


Systemic Infection of Potato 


Systemic infection of potato at 80° F. or higher is detectable 5 to 6 
weeks after inoculation. Symptoms of tuber infection were often but not 
always detectable. Diagnosis of systemic infection, unless clearly ex- 
pressed, was confirmed by inoculating NV. rustica with extracts from apical 
portions of the test plant, tubers, or second-generation potato plants. 

U.S.D.A. seedling 41956 and five potato varieties, Green Mountain, Red 
Warba, Russet Burbank, Russet Rural, and Sebago, were inoculated by the 
procedures described in the previous trial. Sixty-two of the 64 plants used 
expressed symptoms of primary infection and 51 of these were subsequently 
determined to be systemically infected. Inoculations to NV. rustica were 
also made from the potato plants used as controls. The noninoculated con- 


trols were entirely free of the yvellow-dwarf virus. 


Sap-Transmission of the Virus to Other Plant S pe cles 


The yellow-dwarf virus was transmitted to crimson clover (Trifolium 
incarnatum L.), broad bean (Vicia faba L.), tomato (Lycopersicon escu- 
lentum Mill. var. Bonny Best), and Jimsonweed (Datura stramonium L.). 
Local and systemic symptoms were observed on crimson clover, broad bean, 
and tomato. All five of the tested crimson clover plants showed primary 
infection and three of these became infected systemically. Eighteen to- 
mato plants were inoculated and all developed both primary and systemic 
infection. Six broad bean plants were inoculated; all became locally in- 
feeted and two developed systemic infection. No symptoms were observed 
on the Jimsonweed; the virus was recovered from the inoculated leaves of 
four of the six test plants 27 days after inoculation, but not from noninocu- 
lated parts. None of the plants infected in these trials were as satisfactory 
as Nicotiana rustica for yellow-dwarf testing. 

No transmission to cowpea (Vigna sinensis (L.) Endl.), Lima bean 

Phaseolus lunatus Ll. var. Henderson Bush), or cucumber (Cucumis sativus 
L. var. White Wonder) was obtained in trials involving 10 or more plants 


of each species 
DISCUSSION 


The results of this study have demonstrated some of the factors affecting 


Ssap-transmission of the yellow-dwarf virus. 
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High temperatures, 80° F. or above, favored symptom expression of the 
yellow-dwarf virus on N. rustica. This is in accord with the known effect 
of temperatures on the disease of potato (11). 

Light influenced susceptibility of host plants of NV. rustica to primary in- 
fection with the yellow-dwarf virus. These effects were, in general, similar 
to those which have been demonstrated for other viruses which are much 
more stable in vitro. 

Bawden and Roberts (3) found that when tobacco plants were grown 
under reduced light intensity (one-third normal sunlight) a tenfold in- 
crease in local lesions was obtained following inoculation with the tobacco 
necrosis virus. They also found that increased infection was obtained fol- 
lowing reduced light intensity treatment with three other viruses, and, 
later, that pre-inoculation darkening for 1 to 5 days increased host-plant 
susceptibility (4) but post-inoculation darkening had relatively little ef- 
fect. They suggest that the effect may be on cell turgor or on some sub- 
stance which inhibits multiplication of the virus. Whatever the nature of 
this influence of light on the host plant may be, it is apparent that it affects 
susceptibility to infection by both long-lived and short-lived viruses and 
may have a greater influence on the infectivity of short-lived viruses than 
has been heretofore realized. 

Bald and Samuel (1), working with the tomato spotted-wilt virus, found 
that air bubbling through the inoculum, or the addition of oxidizing agents 
to the inoculum, increased the rate of virus inactivation. Addition of 
sodium sulfite to the inoculum, however, markedly retarded inactivation of 
this short-lived virus. Fulton (10) showed that tobacco-streak inoculum 
held in an oxygen-free atmosphere for 20 min. lost little or no infectivity as 
compared with an almost complete loss of infectivity in controls exposed to 
normal atmosphere. He also found that longevity of the tobacco streak 
virus is increased by the addition of five different reducing agents to the 
inoculum. Best (5) has shown that cysteine hydrochloride increases the 
longevity of the tomato spotted-wilt virus in vitro. With N. rustica as an 
assay plant, it was found that the addition of cysteine hydrochloride to the 
inoculum increased the longevity of the yellow-dwarf virus. There is little 
doubt, in view of the evidence presented, that the rapid inactivation in vitro 
of these short-lived viruses is the result, in part at least, of oxidation proc- 
esses which occur within the inoculum. Two viruses have been previously 
reported sensitive to this type of rapid inactivation, and the results of the 
present work show that the potato yellow-dwarf virus is similarly affected. 
Apparently considerable inactivation may occur within a matter of minutes. 
When cysteine hydrochloride is added to the inoculum, a routine series of 
inoculations can be made with reasonable assurance that the infectivity of 
the inoculum is not changing rapidly. 

The factors influencing the susceptibility of V. rustica to the sap-trans- 
mitted vellow-dwarf virus were: 1) age of the plant and age of the inocu- 
lated leaf, 2) pre-inoculation light intensities, and 3) post-inoculation tem- 
peratures. Longevity of the virus in vitro also influenced the amount of 
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primary infection. These factors also applied to the infection of potato. 
As a result of the information provided by the N. rustica trials, efficient sap- 
transmission of the yellow-dwarf virus to potato was obtained. 

Mechanical transmission of the vellow-dwarf virus suggests that other 
viruses, for which successful sap-inoculation methods are not known, may 
be sap-transmitted by the proper methods. The fresh extracts of many 
plants contain virus inhibitors which may be of several types. Juice ex- 
tracts of healthy spinach, garden beet, sugar beet, and Swiss chard, when 
added to tobacco and cabbage mosaic virus inoculum, markedly inhibit the 
infectivity of these viruses (13). Failure to sap-transmit certain leafhop- 
per-borne viruses may possibly be due to inhibitors of this type. Insect- 
transmission of the virus to some other host in which inhibitors of such 
nature are absent might then allow for sap-transmission of the virus by 


methods similar TO those deseribed for the vellow-dwart Virus. 


SUMMARY 


The influence of certain factors on the sap-transmission of the potato 
yellow-dwarf virus, which is naturally leafhopper-borne, was determined 
using Nicotiana rustica as an assay plant. Pre-inoculation darkening for 
18 to 24 hr. increased the amount of infection two to four times. Post- 
inoculation temperatures of 80° F., or above, favored the development of 
both primary and systemic symptoms. Cysteine hydrochloride in concen- 
trations of 0.01 M to 0.04 M increased the longevity of the virus in vitro. 

Potatoes responded similarly to factors which favored the infection of 
V. rustica. Previously darkened potato plants became susceptible to the 
sap-transmitted yvellow-dwarf virus. No infection occurred on potato 
plants exposed to 7 hr. or more of sunlight prior to inoculation. The num- 
ber of primary lesions was increased when cysteine hydrochloride was in- 
cluded in the inoculum. Leaves of the middle third of potato plants 2 to 
2} ft. high were two to 12 times as susceptible as either the upper, younger 
or the lower, older leaves. 

Efficient sap-transmission of the yellow-dwarf virus to potato, hereto- 
fore mechanically transmitted to this host with difficulty, was accomplished 
by pre-inoculation darkening of the test plants and by the addition of ecys- 
teine hydrochloride to the inoculum. Under these procedures, 62 of 64 
potato plants were infected by the sap-transmitted vellow-dwarf virus, and 
D1 of these plants became S\ stemically infected. 

WISCONSIN AGRICULTURAL EXPERIMENT STATION 

AND 
DIVISION OF PLANT EXPLORATION AND INTRODUCTION 
['. S. DEPARTMENT OF AGRICULTURE 
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THE REACTION OF PERFECTION-TYPE PEAS TO WISCONSIN 
BEAN VIRUS 2 ISOLATES FROM PEA’ 


D. J. HAGEDORN 
(Accepted for publication January 6, 1951) 


[t has been found recently that the pea mosaic caused by strains of bean 


virus 2 was the most widespread virus disease of pea (Pisum sativum L.) 


in Wisconsin Pierce® reported in 1934 that the Wisconsin Perfection 
variety of peas was resistant to bean virus 2, and his observation in this 
regard was confirmed by Hagedorn and Walker.? Considering that Per- 


fection-type peas are widely grown in Wisconsin and that bean virus 2 


strains are so readily isolated from peas in this State, it was considered ap- 
propriate to study pea varietal reactions to determine whether strains of 
Perfection peas now grown in Wisconsin are resistant or susceptible to this 


virus. This paper is to report the results of this investigation. 


METHODS AND MATERIALS 


lor the experiments reported here, peas were grown in the greenhouse 
during the past 3 years, in 6-in. earthenware pots, at 20° to 24° C. When 
the plants were about 4 in. high, two fully expanded leaves on each plant 
were sprinkled with carborundum to facilitate infection, and rubbed with a 
cheesecloth pad containing macerated diseased tissue. 

Seven commercial seed companies, which supply much of the pea seed 
used in Wisconsin, submitted samples of their ‘‘ Perfection-type’’ pea varie- 
ties for this experiment. Cooperating companies were: Associated Seed 
Growers, Ine., Canners’ Seed Corporation, Crites-Moscow Growers, Ince., 
Gallatin Valley Seed Co., Northrup, King & Co., Rogers Bros. Seed Co., Inc., 
and Washburn-Wilson Seed Co. Thirty-six pea varieties were tested to 
four isolates of bean virus 2 from peas. The Wisconsin strain of Wisconsin 
Perfection was used as the resistant control and Canners’ Seed Corpora- 
tion’s Perfected Wales variety as the susceptible control. Each variety was 
subjected to at least six separate trials with each virus isolate. Thus in 
most cases between 220 and 260 plants of each variety were tested—55 to 65 
with each of the four isolates. 

The bean virus 2 isolates used were those described by Hagedorn and 
Walker‘ and had been maintained in the greenhouse on sweet-clover culture 
plants. All of the four isolates were originally obtained from diseased pea 
plants in Wisconsin; isolates 1 and 2 from Dane County, isolate 3 from 
Green Lake County, and isolate 4 from Winnebago County. 

1 Published with the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station. 


Hagedorn, D. J., and J. C. Walker. The relation of bean virus 2 to pea mosaie in 


Wisconsin. Phytopath. 40: 684-698. 1950. 
Pierce, Walter H. Viroses of the bean. Phytopath. 24: 87-115. 1934. 


tSee footnote 2 
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For a check against the main experiment, where the rubbing method of 
inoculation was used, an insect transmission test with isolate 1 was carried 
out using a known vector, the pea aphid (Jllinoia pisi (Kalt.)). Healthy 
plants of ten varieties, plus the two control varieties mentioned, were inocu- 
lated by allowing infective aphids (about four per plant) to feed for 2 days 
before they were killed with an aphicide. 

Inoculations to susceptible Perfected Wales peas were made when posi- 
tive or questionable results were obtained. Inoculations of sap from ap- 
parently healthy plants, chosen at random, back to Perfected Wales were 
also made to determine whether or not the virus might be latent. 


RESULTS OF MECHANICAL INOCULATION 


The results obtained in the main experiment, using the rubbing method 
of inoculation, are in table 1. 

Kight of the 36 varieties tested were susceptible to at least one of the 
bean virus 2 isolates. However, four of these varieties—namely, Associated 
Seed Growers’ Resistant Early Perfection, Canners’ Seed Corporation’s 
Perfection, Crites-Moscow’s Davis Perfection, and Northrup, King’s Early 
Perfection—were rarely infected, only one plant becoming diseased of more 
than 220 inoculated in each case. Three of these varieties were infected 
with isolate 1; the other with isolate 3. Crites-Moscow’s Dark Green Per- 
fection, and Washburn-Wilson’s Early Perfectah, Early Perfection, and 
Perfection 1164 were susceptible to all four bean virus 2 isolates from pea. 


RESULTS OF APHID INOCULATION WITH ISOLATE 1 


Three separate trials were made using pea aphids which carried isolate 1 
to inoculate ten varieties of Perfection-type peas, chosen at random for com- 
parison with Wisconsin Perfection. Results are in table 2. None of the 
ten varieties tested developed disease symptoms, nor did the resistant Wis- 
consin Perfection control, but six of the 15 plants of the susceptible control 
variety, Perfected Wales, became infected. These results are essentially 
the same as those obtained using the rubbing method of inoculation and in- 
dicate that the latter inoculation method is at least as reliable as that which 
is common in nature, i.e., aphid transmission. 


DISCUSSION AND SUMMARY 


The results of this study indicate that Perfection-type pea varieties vary 
decidedly in their susceptibility to Wisconsin isolates of bean virus 2 from 
pea. Most of the varieties tested were resistant, as was the Wisconsin Per- 
fection variety ; some of them were susceptible; others were only rarely in- 
fected. The fact that eight of the 36 varieties tested were infected by one or 
more of the bean virus 2 isolates explains why this virus is so readily ob- 
tained in Wisconsin from mosaic-diseased peas of Perfection type. 

The experiments reported here generally confirm the results obtained by 
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peas to Wisconsin bean 








Source, and variety 


Virus isolate 
2 3 4 





A° B A B A B A B 
(Associated Seed Growers, Inc.) 
Canner Kine. ......00+<:- Be Sas kghgsha 59 0 43 80 46 @ 51 0 
OEE PO TRROUIOE ois onus sds scnvedaesandes 69 0 50 0O 34 O > 8 
CO RR dar Oe eo eee 73 «60 54 0 47 0 50 0O 
I esac Uva sa censdauedinivecowsbeskenews 51 0 54 0 57 0O 59 0O 
Resistant Perfection VEE ero 74 +O 52 O 51 O 64 O 
Resistant Early Perfection ............. 66 1 66 0 59 0 68 0 
(Canners’ Seed Corp.) 
Dark Skinned Perfection ................. 69 O 57 0O 57 0 58 0 
New Line Early Perfection ............. 76 «#60 64 0 58 0 63 0 
No, 2183 Early Perfection .......... igiee SX oe 69 0 68 0 61 0 
Mo, Coeur Batly PEriection ...vccciccceesis 73 O 64 0 55 © 61 0 
OREO COD coicccesecyivsekeos Sea cree ae ae cs ae 66 O 63 1 62 0 
(Crites-Moscow Growers, Inc.) 
Deep Green Pertection ..icicscsccsscvsse. 66 38 65 29 70 21 64 28 
Do (Small berry) ..... 54 0 46 0 52 0 63 0 
DOVEM PO TERCUEOR ook ov nb eneccess cesses 79 | «+Y20 GO 99 0 89 0 
RR os ek erie icnan eweteo naseecneen 66 0 54 0 60 0O 63 O 
Unnamed Onward-Perfection Cross .. 70 0 (51 QO 57 O 70 O 
Wilt Resistant Perfection ................ 57 0O 4i 9 42 0 54 0 
(Gallatin Valley Seed Co.) 
NE oes os ossx cen iniedavdnivalvonteaoceeeaenenaes vi, 2 50 0O 72 8 57 0 
Cascade ....... EE TeP RRC R Reet ee te 7s: ‘6 60 O 60 O 61 0O 
BASly POPiectiOn: POF ncccevevevecesseececee 71 #O 61 O 68 0 69 O 
Wilt Resistant Perfection ................ 78 O 58 0 70 +O 76 O 
(Northrup, King & Co.) . 
EE PCL ICCHOM ocisecii cans sessvvesatevesce 68 1 sz 0 49 0 54 0 
Green Seeded Perfection ................. 60 0O 62 0 68 0 60 0O 
Wilt ReESIStHHt PETIGCTION: ..c.iccccuceecces 61 O 58 0 59 O 62 0 
(Rogers Bros. Seed Co.,, Inc.) 
ee pay ae sie | i 46 0 62 0 58 0 
tg tl See 68 0O 64 9 55 0 61 O 
RESiSthNt PAMOGS .cciccccccsccscvee ees 67 O 7 Oo 66 O 51 0O 
GOES POTEOETIOR ici cciccssssccesesevess . 66 O 53 © 73 © 58 0 
NINE oe es inc pens caswelv vec pauumareveowwes 70 «60 41 0 1k 68 58 0 
Wesatch Hybrid. ...6.6s5s% iGbuaneimrayeves 69 0O 54 0 63 0 59 0 
Wisconsin Perfection ......0.cccccccccccess 62 0 54 0 41 0 58 0 
(Washburn-Wilson Seed Co.) 
TE PERCU i vince pasdevesctocenenscce res 54 22 70 33 59 28 53 20 
Early Perfection ......... Se er Sees 55 17 48 6 60 22 53 28 
IE ares ae ekc ca sbic co ewinunmoonnenet ied 65 0 67 O 61 0O 62 0 
Pree Ee nn oauweeanenesie 53 14 47 9 51 20 39 18 
PCN OE ko ovaivccceteccocsoecswandwce 53 0O 58 0O 62 0 61 O 
Controls 
(Canners’ Seed Corp.) 
Perfected Wales (susceptible) ........... 141 112 117 70 133 87) 158 112 
(University of Wisconsin) 
Wisconsin Perfection (resistant) . 90 O 113 0 né © 21 8 





A, number of plants inoculated; B, number of plants diseased. 
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MeWhorter® with western strains of bean virus 2. He used 25 Perfection 
varieties (some the same as used in this study) and two strains of the virus 
in his varietal studies, but only one trial with six plants was made with each 
virus strain and no susceptible control was included. Davis Perfection and 
Early Perfectah were the only susceptible varieties reported by Me Whorter. 
It is not improbable that repeated trials would have shown other varieties 
to be susceptible, since it was noted in the experiments herein reported that 
several replications were desirable for accurate results. Davis Perfection 


was found by McWhorter to be the variety most susceptible to western bean 


TABLE 2.--Pea aphid transmission of Wisconsin bean virus 2 isolate 1 
to Perfection-type peas 








Isolate 1 
Variety, and source Trial 1 Trial 2 Trial 3 Total 
A? 8B A B A 8 A B 





(Associated Seed Growers, Inc.) 


Resistant Early Perfection ........ 7 0 5 0 4 0 16 0 

Resistant Perfection ........... ees 4 0 2 0 7 0 13 0 
(Canners’ Seed Corp.) 

New Line Early Perfection ........ 7 0 7 0 8 0 22 0 

NE Fo cla ncsm chenigunnne seen 5 0 8 0 6 0 19 0 
(Crites-Moscow Growers, Inc.) 

Oe Re: 4 0 3 0 5 0 12 0 

Wilt Resistant Perfection .......... 2 0 4 0 2 0 8 0 
(Northrup, King & Co.) 

Wilt Resistant Perfection ......... 4 0 8 0 4 0 16 0 
(Rogers Bros. Seed Co., Inc.) 

Renee PerEeSGR oosisccccscccsccsess 6 0 7 0 6 0 19 0 

Wisconsin Perfection ......:.....<6:- 5 0 2 0 7 0 14 0 
(Washburn-Wilson Seed Co.) 

PPCTEOCOBD: onicéscscseievsssixe eeeennsnes 5 0 6 0 4 0 15 0 

Controls 

(Canners’* Seed Corp.) 

Perfected Wales (susceptible) ... 6 4 3 l 6 l 15 6 
(University of Wisconsin) 

Wisconsin Perfection (resistant).. 5 0 7 0 6 0 18 0 





*A number of plants inoculated; B, number of plants diseased. 


virus 2 strains, but it was only rarely infected by Wisconsin isolates of this 
virus. Early Perfectah was susceptible to all four Wisconsin isolates and 
it was reported to be susceptible to one of the western bean virus 2 strains. 

[t is interesting that three of the four Perfection varieties most sus- 
ceptible to Wisconsin isolates of bean virus 2 from pea were developed by 
the same seed company. Also noteworthy is the fact that of the eight varie- 
ties infected in this study, four included the word ‘‘early’’ in the varietal 
name. These observations might indicate that the various pea geneticists 
for the most part used resistant parents in the breeding of their Perfection 


' McWhorter, Frank P. Susceptibility of selections of Perfection peas to strains of 
2 


yellow bean mosaic. U.S. Dept. Agr., Plant Dis. Reptr. 33: 139-144. 1949, 
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varieties, but that when earliness was incorporated into this horticultural 
type the breeding material included a parent susceptible to bean virus 2. 
The ‘‘early perfection’’ pea varieties are at present very popular among 
Wiseonsin canners and growers. It might easily be possible for this trend 
to result in the pea mosaic caused by bean virus 2 becoming even more com- 
mon and widespread than it now is. 
DEPARTMENTS OF AGRONOMY AND PLANT PATHOLOGY 


L'NIVERSITY OF WISCONSIN 


MADISON, WISCONSIN 























A HISTOLOGICAL STUDY OF BACTERIAL BLIGHT OF COTTON! 
HARRY D. THIERS AND LESTER M. BLANK2 


(Accepted for publication January 10, 1951) 

Bacterial blight of cotton, caused by Yanthomonas malvacearum (E. F. 
Smith) Dowson, was first reported by Atkinson in 1891 (2). He described 
the disease as ‘‘manifested by a watery appearance in definite areolate spots 
which are bounded by the veinlets of the leaf.’’ This expression of the dis- 
ease has become known popularly as the ‘‘angular leaf spot’’ of cotton. In 
the same paper Atkinson mentioned that occasionally the disease follows one 
or more of the principal veins of the leaf, with large water-soaked lesions in 
the blade tissue adjoining the area of infection. This constitutes the phase 
of the disease known as ‘‘vein blight.’’ In the following year, 1892, 
Atkinson (3) further reported that these water-soaked areas were ‘‘teem- 
ing’’ with bacteria. He succeeded in isolating an organism but was unable 
to reproduce the disease in the host. This led him to regard the disease as 
a physiological disorder, with the bacteria acting as secondary parasites. 

This view was first questioned by Earle (7) in 1899 and was disproven 
by Smith (25) in 1901. Smith suecessfully inoculated leaves of the cotton 
plant, and produced lesions on cotton bolls, with the same organism. He 
likewise presented the first morphological description of the organism re- 
sponsible for the disease. It was described as a short, rod-shaped, non- 
spore-forming, actively motile bacterium capable of producing abundant 
quantities of slime. An excellent photograph of the bacteria within the 
host tissue appeared in a later publication by Smith (26). 

Edgerton (8) in 1912 first reported the ‘‘blackarm’’ stage of the dis- 
ease, resulting from the invasion of the leaf petiole and stem of the plant 
by the organism, with subsequent production of severe blackened lesions. 
He also described the boll-rot stage, in which the attacked bolls are vulner- 
able to invasion by numerous filamentous fungi. The importance of this 
fact has been emphasized by Ray (21), who found, in surveying cotton-boll 
rots in Oklahoma, that a high percentage of the fungi causing boll rot were 
associated with blight lesions. 

The early reports stimulated additional investigations by several work- 
ers, and reports in the literature became more numerous. The disease was 
found in all cotton-growing areas throughout the world, although expressed 
in varying degrees of severity. The chief means of dissemination were the 
use of infected seed in planting (23), surface irrigation (15), and wind (5) 

1 Published with the approval of the Director of the Texas Agricultural Experiment 
Station as Technical Article No. 1268. 

2 Respectively, Research Associate, Department of Plant Physiology and Pathology, 
Agricultural and Mechanical College of Texas, College Station, Texas; and Senior Pathol- 


ogist, Division of Cotton and Other Fiber Crops and Diseases, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, U. S. Department of Agriculture. 
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and rain storms (9, 10, 11) during the growing season. Acid-delinting of 
seed and subsequent treating with a germicide became the preferred method 
of control, although this measure was not completely successful (18, 19). 
Various sprays, including Bordeaux mixture, were used with only partial 
success as practical measures for blight control but have never become 
widely adopted 23 

Varietal testing for resistance was instituted shortly after the disease was 
reported, but none of the cotton varieties was found to be completely re- 
sistant Harland (12), at the St. Vincent station, began a breeding pro- 
gram in 1915 and within a few years reported the development of strains 
with a high degree of tolerance. His results suggested that resistance to 
the disease did not occur as a single factor, but rather was dependent upon 
a ‘‘complex of tiny genes which have little effect singly but which have a 
eumulative effect.’’ Knight and Clouston (16), working in the Anglo- 
Egyptian Sudan, discovered a strain of American Upland cotton that was 
resistant to bacterial blight. The resistance was by two pairs of factors 
designated B, and B,) that are additive in effect. More recently Knight 
and Hutchinson (17) have reviewed the knowledge of the major genes for 
resistance (B, through B;), and have presented data on their distribution 
in the world’s cottons. In 1946 Simpson and Weindling (24) reported the 
discovery of a resistant Stoneville strain of cotton, now known as Stoneville 
20. It has been suggested that resistance in this instance is inherited as a 
single factor and is recessive to susceptibility (4). This source of blight 
resistance is now being used extensively in breeding projects, and the re- 
sistant material used in this study is derived directly or from crosses with 
this strain 

Search of the literature yields little information regarding the develop- 
ment of the disease after it is established in the host tissue. The bacteria 
enter the leaf tissue through stomatal openings, and their destructive action 
is confined largely to the parenchymatous tissues, the vascular tissue being 
only rarely invaded (6, 27). Massey (20) reported that in cotyledons and 
leaves the parasite spread laterally through intercellular spaces, sending 
threads of slime between cells of the palisade mesophyll. As the infection 
continued, quantities of slime were exuded from the lesions, later drying 
and forming a film over the surface of the infected area. After destruction 
of leaf tissue had become severe, the bacteria were found occasionally in 
vascular tissue. Massey found that the bacteria destroyed the middle 
lamella first and then attacked the remainder of the cell wall, which led 
him to believe this destruction was accomplished by enzymatic action, prob- 
ably by one of the cVvtases. 

This paper reports further observations on development of the disease 
within different host organs and compares its expression in the leaves and 


floral bracts of susceptible and resistant plants and hybrids of the two 


strains of cotton 
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MATERIALS AND METHODS 


Lesions in various stages of development in the leaves, floral bracts, 
stem, leaf petiole, and boll of the cotton plant, including those only faintly 
apparent, those that were fully developed, and those that had become dry 
and discolored, were fixed for histological study. In all, several hundred 
slides were examined of resistant, susceptible, and hybrid tissue of several 
varieties of cotton which had been exposed to infection. Tissue was taken 
from both field- and greenhouse-grown plants varying in age from the 
seedling stage to mature plants. In some of the plants the disease was a 
result of natural infection in the field; in others, of spray inoculations fol- 
lowing standard procedures (24, 27). Cotyledonary tissue was obtained 
from seedlings arising from seeds which were soaked in a suspension of bac- 
teria for several hours and planted in sand flats in the greenhouse. The 
varieties of cotton used were Stoneville 20 (resistant), and Acala, D & PL, 
Coker 100 Wilt, Stoneville 2B, and undetermined varieties from commer- 
cial fields (susceptible). The hybrid leaf tissue was obtained from crosses 
of Stoneville 20 x D & PL and Stoneville 20 x a hybrid of Stoneville 2B and 
Rogers Aeala. 

The tissues were fixed in formalin—acetie acid—ethyl alcohol solution and 
were kept in this solution until the dehydration procedure with tertiary 
butyl alcohol dilutions was begun. Tissues were embedded in paraffin, and 
sections were cut on the rotary microtome. <A safranin and fast green stain- 
ing combination was employed, using 1 per cent safranin in 95 per cent 
ethyl alcohol and 0.5 per cent fast green in absolute alcohol. Sections were 
cleared in clove oil and xylol and mounted in balsam. By this procedure 
the cellulose cell walls along with the cytoplasm retained the green stain 
and the bacteria and lignified cell walls were stained bright red. 

RESULTS 

Tissue of healthy leaves. Examination of tissues from apparently nor- 
mal leaves revealed no gross morphological differences between susceptible 
and resistant plants. The single layer of upper epidermal cells had only a 
slight amount of cutin and fewer stomata than were observed in the lower 
epidermis. The palisade tissue was composed of one layer of closely packed, 
narrowly rectangular cells, but substomatal spaces were observed near the 
upper epidermis. The spongy mesophyll consisted of irregularly shaped 
cells interspersed with numerous air spaces, and comprised the largest tissue 
component of the leaf. The substomatal spaces near the lower epidermis 
were larger and more numerous than those near the upper epidermis. 
Veins in both types had a vascular sheath surrounding the vascular tissue. 
The sieve cells of the phloem frequently were filled with large rosettes of 
crystals. 

Infected leaf tissue from susceptible plants. Externally the disease 
symptoms appeared as large (1-3 mm.) water-soaked lesions, observed first 
on the lower surface (Fig. 1) and eventually visible on the upper surface of 
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the leaf. Lesions were usually bounded by small veinlets of the leaf— 
hence their characteristic angular appearance. As lesions became older, 
large quantities of bacterial exudate formed a dry film on the old discolored 
lesions. Lesions frequently coalesced to form large dry areas which broke 
away from the remaining tissue, giving the leaf a ragged appearance. It 
was not uncommon for the disease to become so severe that the leaf vel- 
lowed and dropped from the plant. 

Microscopic examination was made of the tissues so as to trace the de- 
velopment of infection in the susceptible leaf. In early stages of infection 
the bacteria first appeared in masses in substomatal spaces in the spongy 
mesophyll. In many of the preparations the bacteria were observed exud- 
ing from stomatal openings in the lower epidermis. As development con- 


tinued, the bacteria appeared to spread to the connecting intercellular 





Fl | Lower surface of cotton leaves showing highly resistant (left) and suscep- 
tible (right) reaction to infection by bacterial blight. 


spaces. Eventually large areas around the original site of infection became 
involved. The organisms seemed to move by zoogloeal masses with large 
quantities of slime apparent. Destruction of the walls of spongy meso- 
phyll cells began shortly after the bacteria became massed in the intereellu- 
lar spaces. The middle lamella was first attacked, enabling the bacteria to 
move between the cells and finally to destroy the entire cell wall. No bac- 
teria were observed inside the cell until the cell wall had been severely 
damaged. After destruction of the spongy mesophyll had reached an ad- 
vaneed stage, the palisade mesophyll cells were attacked and destroyed in 
the same manner as the spongy mesophyll cells; that is, the bacteria passed 
between the cell walls, seemingly by dissolution of the middle lamella, and 
eventually became massed in substomatal spaces below the upper epidermis. 
With time the cells of the mesophyll were completely destroyed and only 


fragments of the walls remained, surrounded by a slimy mass of bacteria 
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and debris. When the lesions became dry and discolored the mesophyll 
was completely disintegrated, and the two epidermal layers were all that 
remained. 

Infected leaf tissue from resistant plants. Lesions on resistant leaves 
are small, frequently pin-point in size, and the number of cells involved is 
much less than on susceptible leaves (Fig. 1). Lesions usually are dry 
when first apparent; no bacterial slime on the leaf surface was observed. A 
color difference exists: lesions on resistant leaves are much brighter red 
than those on susceptible leaves. No coalescence of lesions was observed on 
the resistant leaves and only rarely did leaves become yellow as a result of 
the disease. Leaf shedding was very infrequent. 

Upon microscopic examination it was found that in resistant leaf tissue 
the destructive action of the bacteria was not so severe as, and was confined 
to a much smaller area than, in susceptible tissue. The pattern of develop- 
ment of the disease in the tissues, however, appeared to be similar to that in 
susceptible tissue. There was no evidence that slime was being produced in 
large quantities, although some zoogloeal masses were observed. Destrue- 
tion of the tissues occurred first in the spongy mesophyll and culminated in 
eventual destruction of the palisade tissue, leaving only the two epidermal 
layers. At no time was any morphological barrier observed which might 
restrict the spread or development of the pathogen. 

Examination of leaf tissue from resistant and susceptible plants of the 
IF’, generation gave no additional information on the course of the develop- 
ment of the disease, or explanation of resistance or susceptibility beyond that 
provided by examination of the respective parents used in the cross. 

Vein infection of susceptible and resistant leaves. Because of their 
structure the veins infected with bacterial blight had not the same degree 
of water-soaking as the blade tissue, and had more or less translucence. 
Occasionally the area of infection included the entire length of the vein or 
veins and extended into the leaf petiole, and possibly the stem or branch, 
riving rise to the ‘‘blackarm’’ stage of the disease. Infected veins of sus- 
ceptible leaves frequently became incrusted with slime, and the area of 
infection usually involved a portion of the adjoining tissue of the blade. 
When vein involvement was severe it was frequently noted that the leaf 
became cupped downward and markedly distorted. On resistant plants the 
infection was limited almost completely to the vein, and only occasionally 
involved the adjoining blade tissue. Also, the lesion was dry and fre- 
quently reddish brown. Although several veins of a resistant leaf might 
show evidence of infection, the appearance of the leaf was not noticeably 
altered. 

Microscopic examination of infected veins of both susceptible and re- 
sistant leaves revealed bacteria in the vascular sheath surrounding the vas- 
cular elements and in the mesophyll tissue adjacent to the sheath. Appar- 
ently the bacteria were unable to destroy the walls of parenchyma cells of 
the sheath so easily as those of the mesophyll tissue, although masses of bae- 
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teria were observed in the tissue. In susceptible leaves there was a severe 
breakdown of the adjoining mesophyll tissue in many instances, whereas in 
resistant leaves this was observed to a lesser extent. Bacteria were not ob- 
served in xylem or phloem tissue. 

Infected floral bract tissue. Bacterial blight infection of floral bracts 
occurs in both susceptible and resistant plants, although the distinction be- 
tween resistance and susceptibility was perhaps greater in these organs of 
the plant than in the leaves. In susceptible bracts the infection appeared 
to develop rapidly and to produce large, water-soaked, irregular lesions. 
Often the major portion of the bract was destroyed through coalescence of 
the large lesions. Bacterial slime was abundant, frequently sealing the in- 
fected bract to the adjacent tissue of the boll. The progress of infection 
along the veins of the bracts was similar to that in veins of the leaves. The 
expression of symptoms of bacterial blight on resistant bracts was not 
nearly so severe and consisted chiefly of small, circular, dry lesions with 
characteristic red color. Vein infection was noted on resistant bracts, but 
the lesions were confined to the layer of tissue directly around the veins 
and seldom involved intervening tissues. There was no evidence of bac- 
terial slime on the external surface of infected bracts of resistant plants. 

Since the bract is composed largely of spongy mesophyll tissue and nu- 
merous air spaces, the destruction was more complete than that in the leaf. 
[t seems logical to assume that the bacteria gained entrance through stomata 
in the epidermal layers of the bract tissue, although such entry was not 
observed. Occasionally the entire space between the two epidermal layers 
was occupied by bacteria, with complete destruction of the tissue. Large 
quantities of slime were produced in tissues of susceptible bracts, and the 
bacteria were found at considerable distances beyond what was considered 
to be the original site of infection. In bracts from resistant plants the bae- 
teria were never found in large masses and tissue involvement was limited ; 
otherwise the progressive development of the disease was similar to that on 
susceptible bracts. In infected vein tissue of bracts of both types of plants 
the bacteria were confined to the vascular sheath around the conduction 
tissue and the adjoining mesophyll tissue, as was noted in leaf tissues. The 
bacteria here, as in the leaves, were unable to destroy the parenchyma cells 
of the sheath so successfully as they did the mesophyll cells. 

Normal and infected cotyledonary tissues. Diseased cotyledons had 
large, water-soaked lesions, circular or grossly irregular but without the 
marked angular appearance noted on the true leaf. Frequently lesions 
developed rapidly and by coalescence involved a major portion of the seed 
leaf. Infection was first evident along the margin of the cotyledon and 
then spread inwardly. Usually the water-soaked areas were first apparent 
on the lower surface of the cotyledon, but soon appeared on the upper sur- 
face as well. Later the portion near the original site of infection became 
brown and dry, frequently distorting the shape of the cotyledon notice- 


ably. On these greenhouse-grown seedlings large quantities of slime were 


produced which dried to form a film on both surfaces of the old lesion. 
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The internal arrangement of normal tissues of the cotyledon closely 
parallels that of the true leaf. There is a single layer of )\upper epidermis 
containing numerous stomata. Directly beneath is the palisade mesophyll 
which consists of one layer of short rectangular cells containing numerous 
chloroplasts. The palisade cells are shorter and generally smaller than 
those of the true leaf and form a much smaller tissue component of the 
cotyledon. Spongy mesophyll makes up the major portion of the cotyledon. 
It has numerous chlorophyll-bearing cells which, in section, are round to 
oval and typically interspersed with many air spaces. The cells of this 
tissue, and similarly the air spaces, appear to be smaller and more regular 
than those observed in spongy mesophyll tissue of the true leaf. Small 
veins containing xylem and phloem elements surrounded by a vascular 
sheath were observed throughout this layer of tissue. There is a uniseriate 
lower epidermis with numerous stomata, similar in appearance to the upper 
epidermis. 

Development of the disease in the cotyledon is the same as that observed 
in the true leaf. The bacteria entered the tissues through the stomata 
and became massed in the substomatal spaces. Then, accompanied by the 
production of abundant quantities of slime, the organisms spread to the ad- 
joining air spaces and finally completely surrounded the cells. Some infee- 
tions may have originated on the upper surface of the cotyledon, since 
masses of bacteria were observed in the palisade mesophyll beneath stomata 
of the upper epidermis (Fig. 2), whereas the spongy mesophyll appeared 
free of bacteria. Eventually the cell walls were destroyed and the cell con- 
tents liberated. As the infection grew older the mesophyll tissue was de- 
stroyed and only the two epidermal layers were left intact. In the older 
lesion the internal areas, bounded by the upper and lower epidermis, be- 
came filled with masses of bacteria and slime, with portions of the old cell 
walls scattered throughout. The vascular tissue did not appear to be af- 
fected by this pathogen in any of the sections examined, and no type of 
morphological barrier was observed which might restrict the development 
or spread of the disease. 

Normal and infected stem and leaf petiole tissues. These two organs of 
the cotton plant will be considered simultaneously since the tissues and 
their arrangement are very similar, and likewise, disease symptoms on the 
two organs appeared to be the same. 

The first external symptoms of the disease on these organs were water- 
soaked areas, somewhat the same as those in the leaf but more translucent, 
sometimes extending the entire length of the petiole and for several centi- 
meters along the stem. In some cases, as the infection became older, open 
lesions were produced which became noticeably blackened. These lesions 
usually appeared late in the growing season as the plants approached ma- 
turity, although some infection was observed early in the growing season. 

Manifestation of the disease on petioles and stems of seedlings and young 
plants was somewhat different from that on older plants. In the spring of 
1949, cotyledons of field-grown seedlings had severe blight infection. As 
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the plants became slightly older, bacteria apparently passed along the 
petiole of the cotyledon and entered the stem tissues. After limited move- 
ment downward the organisms moved upward, producing the typical water- 
soaked appearance. Occasionally the bacteria spread to succeeding leaf 
petioles and in many plants reached the terminal bud region, causing 





Fig. 2. Bacterial blight of cotton. Upper left: bacteria massed in palisade 
mesophyll of cotyledon. Upper right: damaged cortical tissue of stem with bacteria 
massed in damaged area. Lower left: open blackarm lesion with development of cork 


tissue below the damaged region. Lower right: wall of cotton boll with bacteria massed 
in the parenchyma tissue several layers of cells below epidermis. 

severe tissue collapse and death of the plant. In other plants a constric- 
tion was observed, approximately at the point of attachment of the cotyle- 
dons and presumably at the point of entry of the organism into the stem; 
such plants frequently collapsed partially and had a definite callused region 
immediately above the constriction. The stem, so weakened in this area 
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that it could not support the weight of the plant top, bent or broke. Plants 
in this condition were stunted and the foliage had a reddish-bronze dis- 
coloration, but no open lesions were observed. This manifestation of the 
disease on the seedlings was illustrated by Rogers (22 

Internally the normal tissues of the stem and their arrangement are 
typical of dicotyledonous, semi-woody plants. In the infected stem and 
petiole the bacteria appeared to attack the cortical portion most severely, 
entering this portion either from the infected cotyledon or leaf petiole, or 
through stomata on the external surface of either stem or petiole. The 
epidermis and chlorenchyma appeared unaffected by the bacteria. The or- 
ganisms were apparent first in the intercellular spaces of the cortical par- 
enchyma. Eventually the cell walls were completely destroyed and large 
areas were found in which no evidence of cells remained, but rather these 
spaces were filled with masses of bacteria and slime (Fig. 2). As the infec- 
tion progressed in the younger plants the cells lost their individuality and 
either completely disintegrated, or collapsed and dried. When open lesions 
were formed a layer of cork was developed below the diseased cells and this 
frequently tended to restrict the development of the lesion (Fig. 2). How- 
ever, in some cases the bacteria apparently were able to do some damage to 
the cork cells also. Destruction of the pith along with the cells of the vas- 
cular rays was observed in those portions of the stem where there was a 
general collapse of the tissues. It was also noted that in some cases of 
severe infection the sieve and companion cells of the phloem as well as the 
cells of the primary xylem were attacked and damaged. Occasionally in 
severe stem infection bacteria were observed in the large vessels of the 
xylem, but no apparent damage had been done. It is possible that the or- 
ganisms were lodged there in the sectioning or staining procedure. 

Normal and infected boll tissues. The ovary wall of the boll was exam- 
ined, but no tissues associated with the developing seed were studied. The 
disease was first noticeable on any portion of the boll as small, rounded, 
water-soaked lesions, slightly raised in the center. They were frequently 
observed developing directly beneath infected bracts which had become 
glued to the surface of the boll. As the lesion aged the center became 
sunken, eventually browned, and frequently slime-inerusted. There was 
some coalescence of lesions and often various fungi were present in the 
damaged tissue. 

In normal tissues of the ovary wall there was a single, or sometimes 
double, layer of epidermis in which there was an occasional stoma. The 
tissue below the epidermis was homogeneous and was composed of circular 
or slightly irregular cells with small irregular intervening air spaces. The 
cells were parenchymatous with thicker walls than those of similar tissues 
of the stem or leaf. This tissue was interspersed with a number of xylem 
and phloem bundles which terminated only a few layers of cells beneath the 
epidermis. 


In diseased boll tissue, damage to the cells was less severe than that ob- 
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served in other organs of the plant. Bacteria apparently gained entrance 
to the tissue through the stomata or possibly by insect puncture; they were 
first observed in the small intercellular spaces in the parenchyma tissue 
several layers below the epidermis. Actual tissue destruction was similar 
to that in other organs of the plant. The bacteria were massed in the tissue 


and complete cell destruction had occurred (Fig. 2). As the lesion aged 
there was general collapse and shrinking of the cells with subsequent loss 
of their identity. In many of the sections bacteria were found throughout 


the ovary wall tissue. This substantiated the general observation that the 
bacteria passed through the tissues of the immature boll and entered the 
earpels where they destroyed, or at least damaged, the lint on the cotton 
seed. The vascular tissues as well as the epidermis were apparently free of 
any bacteria and appeared undamaged. There was no formation of cork 
tissue around the lesions. 

DISCUSSION 

Results of this study tend to confirm results of earlier investigations re- 
garding development of the disease within the tissues, as reported by Mas- 
sey (20) and other workers (10, 23). 

External symptoms of bacterial blight on leaves of cotton are first no- 
ticeable after the bacteria have produced quantities of slime and have 
eaused breakdown of a sufficient number of cells with consequent release of 
cellular contents. The water-soaked condition probably results from such 
action. It seems apparent that the delay in development of the water- 
soaked appearance on the upper surface of the leaf is explained by the fact 
that the palisade mesophyll is not attacked until the destruction of the 
spongy mesophyll is well advanced. This was true for both resistant and 
susceptible plants and no essential difference could be ascertained between 
the development of the disease in the two types of plants except for the 
number of bacteria in the tissue and for the extent of the lesion. The dif- 
ference in numbers of bacteria in the tissues concurs with the results of 
Allington and Chamberlain (1), who found that the initial population of 
bacteria in resistant and susceptible tissues of soybeans and beans may be 
relatively the same, but that within a few days there is only a slight in- 
crease or even a decrease in number in resistant tissues, in contrast to a con- 
tinued increase in susceptible tissues until such tissues were destroyed. 
The course of development of this disease of cotton appears to be similar to 
that reported for certain bacterial diseases of beans (28), tobacco (13), and 
other plants in which the bacteria move by zoogloeal masses, gradually de- 
stroying the different tissues of the leaf. 

No morphological structure which might act as a barrier to restrict the 
spread of the pathogen was observed except in old blackarm lesions on the 
stem where occasionally a layer of cork tissue was formed. This confirms 
the observation of Massey (18), who found that in some Egyptian cotton 


the blackarm lesions were apparently restricted by the development of cork 
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tissue directly beneath the damaged areas. The limited development of the 
disease in resistant plants appears to bear out the statement of Simpson and 
Weindling (24) that resistance to the organism is due to a physiological in- 
compatibility between the host and parasite. The nature of this physio- 
logical resistance has not been determined. Although it has been shown 
that such factors as the number of stomata, the amount of cutin, the water- 
soaking capacity of leaves (14), and the mass effect of inoculation (27) may 
alter initial reaction to infection, these factors are not significant in this 
instance since the symptoms of infection appear in both resistant and sus- 
ceptible varieties of cotton. 

Although only one report has been found in the literature (20) aserib- 
ing the actual destruction of tissues by the bacterial blight organism to 
enzymes, such action seems to occur. This is assumed because the cell walls 
appear to be digested, thus gradually disappearing, and no bacteria were 
observed within the cell until the wall had become broken. The enzyme is 
apparently very effective in digesting cellulose and rather ineffective against 
lignin. This might explain why the bacteria rarely attack tissues such as 
vascular tissues, where conduction tissues appear undamaged. In some 
instances the bacteria have appeared to invade the vascular tissue only 


after the parenchymatous tissue has been destroyed. 


SUMMARY 


Infected tissues of two cotton phenotypes, one susceptible and one re- 
sistant to bacterial blight, were examined histologically. 

There were no essential differences in development of the disease in the 
two types except in number of bacteria and extent of the lesion. 

No morphological barrier was observed which would account for the 
restricted development in resistant plants. Resistance appears to be due to 
a physiological incompatibility between host and parasite. 

Tissue destruction was confined to the parenchymatous tissue and only 
rarely was invasion of the vascular tissue noted. 

Destruction of the cells seemed to be accomplished by enzymatic action. 
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METHODS AND RESULTS OF STUDIES ON HETEROTHALLISM 
AND HYBRIDIZATION IN TILLETIA CARIES AND 
T. FOETIDA' 
C. S. HoutTon2 
(Accepted for publication January 17, 1951) 


The study of heterothallism and hybridization in Tilletia caries (DC.) 
Tul. and 7. foetida (Wallr.) Liro has long been hampered by inadequate 
techniques and procedures. Prior to 1931, there was no experimental evi- 
dence of heterothallism in these species. Although early investigators gen- 
erally interpreted the presence of conjugated primary sporidia (H-shaped 
structures) as products of a sexual process, the significance of these struc- 
tures was not established until 1931, when Flor (5) presented the first ex- 
perimental evidence of heterothallism in the wheat bunt fungi. This 
opened for investigation several aspects of the relationships between species 
of Tilletia, as well as of sexuality, hybridization, and the origin of physio- 
logic races. Since that time several workers (1, 9, 10, 11, 12, 13, 14) have 
contributed important facts concerning these problems. 

The availability of complete or near-complete sets of monosporidial lines 
from individual chlamydospores is essential to a thorough study of hetero- 
thallism and hybridization in 7. caries and T. foetida. This is especially 
necessary for studies of the inheritance of factors for pathogenicity and for 
other characters. Considerable emphasis has been placed on that phase of 
the bunt problem in the Pacific Northwest in the last 15 years. This is a 
report of such studies. 

Spore germination, sporidial fusions, and nuclear behavior served as the 
basis for the study of sexuality in 7. caries and T. foetida by early workers 
(2, 3, 17, 18, 19). For the most part these workers regarded the fused 
primary sporidia as products of a sexual process, where nuclei migrated 
from one sporidium to the other. The binucleate hyphae produced there- 
from generally were regarded as further evidence of sex in these species. 
However, it remained for Flor (5, 6) to establish the fact of heterothallism 
and its significance in the two wheat bunt species. Using monosporidial 
cultures derived from isolated primary sporidia, he inoculated wheat seed- 
lings with individual cultures and pairs of cultures. Smut was produced 
by certain of the pairs of cultures and not by others, whereas none of the 
individual cultures produced infection. Furthermore, there was evidence 
of an undetermined number of sex groups. 

' Cooperative investigations of the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administra- 
tion, U. S. Department of Agriculture, and the Washington Agricultural Experiment 
Station. Published as Scientifie Paper No. 920, Washington Agricultural Experiment 
Stations, Institute of Agricultural Sciences, State College of Washington, Pullman, 
Washington. 


2 Pathologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Administration. 
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Hanna (9) confirmed the existence of heterothallism in 7. caries and 
T. foetida and identified two sex groups by inoculating wheat seedlings with 
paired monosporidial lines and by pairing primary sporidia on agar. 
Becker (1) found two sex groups in matings between monosporidial lines 
from the same chlamydospore, but a more complex relationship was indi- 
cated in matings between lines from different spores. 

A practical method of isolating and culturing complete sets of primary 
sporidia from individual chlamydospores of 7. caries and T. foetida has 
long been needed. Flor (5, 6) used monosporidial lines derived from 
primary sporidia isolated at random, but no complete set of cultures was 
obtained. Hanna (9), in studies with monosporidial lines derived from 
both primary and secondary sporidia, obtained complete sets of cultures 
from single chlamydospores, although with difficulty. However, he did not 
describe the technique used. Becker (1) likewise found it difficult to obtain 
monosporidial lines, but developed a technique which made it possible to 
isolate and culture partial sets of primary sporidia from single chlamydo- 
spores 

MATERIALS 

Chlamydospores of physiologic races* of T. caries and T. foetida de- 
seribed by Holton and Rodenhiser (15) were used in this study. All eul- 
tures used were monosporidial, having been derived from single primary 
sporidia. The standard medium for germinating chlamydospores was 2 per 
cent water agar, and monosporidial lines were maintained on Difco potato- 
dextrose agar. 

The susceptible spring wheat variety Hindi was used for inoculation, 


and single sporidia were isolated with a Chambers micromanipulator. 


METHODS 


Isolation of primary sporidia. The procedure for isolating and cultur- 
ing complete sets of primary sporidia from individual promycelia was as 
follows: Chlamydospores were germinated on water agar in a Petri dish. 
A small section of agar bearing germinating spores was cut out with a 
sterile scalpel and placed on a sterile cover slip adjacent to a similar section 
of potato-dextrose agar. This cover slip was inverted on a Van Tieghem 
cell mounted on the microscope stage. A section of the Van Tieghem cell 
previously had been broken out to provide an opening for the sterilized 
isolating needle mounted on a Chambers micromanipulator. With this 
equipment, a complete set of primary sporidia could be picked from a pro- 
mycelium and quickly transferred to the potato-dextrose agar section. 

Following transfer to the nutrient medium, the primary sporidia were 
separated from each other sufficiently to prevent fusion or intermingling 
of subsequently developing mycelia. At the end of 12 to 24 hr., depending 
upon the rate of growth, the young mycelial colonies were moved farther 


Used in the concept of pathogenically distinct collections of chlamydospores. T 


races are 7. caries and L races are T. foetida. 
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apart, grown 12 to 24 hr. longer, and then transferred to individual agar 
sections. This section was then transferred to another sterile cover slip and 
four to six smaller sections of potato-dextrose agar were placed adjacent to 
it. The individual colonies were then removed with the isolating needle 
and transferred to separate agar sections. These sections were transferred 
to test tubes of agar, with an ordinary transfer needle flattened at the end. 
This procedure was repeated until the entire set of monosporidial colonies 
was transplanted to individual tubes of potato-dextrose agar. 

In a slight modification of this procedure, the primary sporidia were 
separated on the main potato-dextrose agar section and transferred to the 
individual agar sections immediately. This modified process was simpler 
and only slightly less successful than the first procedure. 

Inoculating with paired monosporidial lines. The method used for in- 
oculating wheat seedlings with paired monosporidial lines was a modifica- 
tion of the one described in 1938 (11). Each pair of monosporidial lines 
was grown on potato-dextrose agar in a glass vial. When secondary sporidia 
were produced, the open end of each vial was placed over 10 wheat kernels 
planted on the surface of wet autoclaved sand in a moist chamber. The 
vials were foreed into the sand until the growing cultures were within 
} in. of the seeds. The moist chamber was then incubated at 48°—50° F. 
until the wheat seedlings had developed sufficiently for transplanting, 
usually 2 to 3 weeks, after which the groups of seedlings from each inocula- 
tion were removed and transplanted to the field or greenhouse. This pro- 
cedure has several advantages over the one previously described (11). The 
glass vials are easier to handle than Petri dishes, they occupy less space, 
and losses from contamination are reduced. The sand substratum retains 
moisture longer than does filter paper, and transplanting from the vials is 


quicker, easier, and more successful than from Petri dishes. 


PRIMARY SPORIDIA CULTURED 


Data on the isolation and culturing of primary sporidia of different races 
of T. caries and T. foetida are in table 1. More than half (58.5 per cent) 
of the isolated primary sporidia of 7. caries produced cultures, but only two 
complete sets of cultures were obtained (T-12 and T-13). There were wide 
differences in the culturability of the different races of the two species, the 
range for T. caries being 33.3 to 100 per cent in T-2 and T-13, respectively. 
In the 7. foetida races the range in percentages was from 25.3 in L-1 to 61.5 
in L-7, showing that efforts to culture single primary sporidia of this species 
were less successful than with 7. caries. These results show that the pri- 
mary sporidia of some races probably are cultured more readily than those 
of other races. This also is indicated by the fact that complete or near- 
complete sets of monosporidial lines were obtained from some races and not 


from others. 
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The significance of heredity in this connection is suggested by the be- 
havior of T-9 and C.T. 13,4 and of seven hybrids between these races (Table 
2 lsolated primary sporidia of both parent races grow readily in culture: 
six out of seven sporidia isolated from one spore of race T-9, and all 16 of 
the sporidia from two spores of C.T. 13 (eight on each promycelium) grew 
in culture. Complete sets of primary sporidia were isolated from 43 hybrid 
spores ranging from one set in Hybrid 115 to 16 sets in Hybrid 112 (Table 
2 Monosporidial lines developed from 87.4 per cent of the primary 


TABLE 1.--Summary of data on isolating and cultivating primary 
sporidia of different physiologic races of Tilletia caries and T. foetida 














Number Number of Sporidia that grew Number of 
Race of sporidia produced complete 
spores and isolated Number Per cent sets 
T-1 5 49 39 79.5 0 
T-2 3 24 8 33.3 0 
T-3 2 18 8 44.4 0 
T-4 2 19 15 78.9 0 
T-5 2 18 8 44.4 0 
T-6 3 21 11 52.3 0 
T-7 5 50 20 40.0 0 
T-8 l 16 10 62.5 0 
T-10 5 52 38 73.0 0 
T-11 4 52 23 44.2 0 
T-12 2 26 20 76.9 l 
T-13 l 8 8 100.0 l 
T-14 2 20 10 50.0 0 
T-15 2 21 13 61.9 0 
T-16 3 35 20 57.2 0 
Total (T) 42 429 251 58.5 2 
L-1 9 67 17 25:3 0 
L-3 3 27 15 55.5 0 
L-7 l 13 8 61.5 0 
L-8 7 88 50 56.8 0 
L-9 l 17 9 52.9 0 
Total (L) 21 212 99 46.6 0 





sporidia isolated and 21 of the 43 complete sets isolated developed complete 
sets of monosporidial lines. These results suggest, therefore, that the high 
degree of culturability in the primary sporidia of T-9 and C.T. 13 probably 
is a genetically controlled character that was inherited by hybrids between 


these races. 


HETEROTHALLISM 


The heterothallic nature of 7. caries was demonstrated by inoculation 
with 734 pairs of monosporidial lines, representing all possible combinations 
between lines from each of 17 complete sets. No inoculations were made 


+ C.T. 13 is Collection 13 of 7. caries to which a race number has not been assigned. 
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with single lines, since incompatible lines were, in effect, the same as single 
lines. Pairs of monosporidial lines were regarded as compatible (of oppo- 
site sex) if infection occurred and incompatible (of the same sex) if there 
was no infection. Frequently, however, more than one inoculation test was 
required to establish compatibility between some lines. For example, in 
one test with four complete sets of lines as many as three inoculations were 
required to determine all compatible lines. 

Only two sex factors were indicated by the results. Ten lines from 
spore 166 were divided evenly into two sex groups. Similarly, the lines 
from spores 160 and 171 were divided as evenly as possible, 4 to 3 and 6 to 5, 
respectively. In the eight monosporidial lines from spore 159 there was an 
unbalanced division, with six lines representing one sex and two represent- 
ing the other. Comparable results were obtained with all complete sets. 


TABLE 2.--Summary of data in isolating and culturing primary 
sporidia of two races of Tilletia caries and hybrids between them 




















Race Number Number of Sporidia that grew Number of 
and of sporidia produced complete 
hybrid spores and isolated Number Per cent sets 

T-9 l 7 6 85.7 0 
c.T.13 2 16 16 100.0 2 
Total (T) 3 23 22 95.6 2 
Hyb. 109 6 55 49 89.0 3 
Hyb. 110 4 33 27 81.8 l 
Hyb. 111 6 44 45 79.5 2 
Hyb. 112 16 154 143 92.8 9 
Hyb. 113 4 36 24 66.6 l 
Hyb. 114 4 36 34 94.4 2 
Hyb. 115 l 9 9 100.0 l 
Total (Hyb.) 41 367 321 87.4 21 





Strong circumstantial evidence was obtained of a sex-linked lethal de- 
ficiency in race L-8 of T. foetida. At least 25 sets of primary sporidia of 
L-8 have been isolated without obtaining a single complete set of mono- 
sporidial lines. Approximately half of the sporidia in each set isolated 
developed monosporidial lines; in the other half, growth ceased in 24 to 
48 hr. These results indicated a genetic deficiency operative against sapro- 
phytism. The relationship of this deficiency to sexuality was shown by in- 
oculation studies. 

Cultures were obtained from seven chlamydospores of L-8 that produced 
88 primary sporidia, ranging from 10 to 14 for each chlamydospore. Fifty 
of these developed five to eight monosporidial lines from each spore. These 
were mated and used for inoculation in all possible combinations within 
each group. None of the combinations produced infection, indicating a 
sex-linked lethal deficiency in this race similar to the haplolethal deficiency 
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in Ustilago bullata Berk. described by Fischer (4). This was further evi- 
dent when eight monosporidial lines from each of two spores of this race 
(16 lines of one sex) were paired with six lines of T-9, representing two sex 
groups. Lines 3 and 6 of T-9 (spore 148), representing one sex, were com- 
patible with all 16 lines of L-8. Lines 1, 2, 4, and 5 of T-9, representing the 
opposite sex, were incompatible with the L-8 lines. These results are evi- 


dence that a sex-linked lethal deficiency exists in L-8. 


HYBRIDIZATION 


The availability of complete sets of monosporidial lines from hybrid 
chlamydospores is highly important for inheritance studies in the bunt 
fungi. Preliminary results have been obtained from a study of the in- 
heritance of chlamydospore characters in a hybrid between races T-12 and 
L-8. The results of inoculations with all possible combinations between 15 
monosporidial lines from one hybrid echlamydospore show that these sporidia 
were divided, 8 and 7, into plus and minus sex groups, assuming compatibil- 
ity between 11 pairs of lines that failed to produce infection. Since inocu- 
lations were not repeated to prove the compatibility of these combinations, 
only 45 of the 56 potential segregates from this spore were available for 
study 

In the absence of a complete set of segregates no definite segregation 
ratio for any character could be established. However, segregation and re- 
combination of factors for reticulate and smooth chlamydospores was evi- 
dent in the IF’, generation. Six of the segregates had smooth spores like those 
of the L-8 parent, and 39 had reticulate spores. The reticulations, how- 
ever, were less prominent and more variable than those of the T-12 parent. 
The reticulations were minute in some segregates, intermediate in others, 
and in still others they were variable, ranging from minute to as large as 
those of the T-12 parent. Similar observations on other hybrids have been 
reported (10, 12, 13, 14 

There was also evidence of segregation and recombination of factors gov- 
erning rate of spore germination. The spores of 30 segregates germinated 
in 4 to 5 days, those of the other 15 segregates requiring 6 to 7 days. These 
results tend to reflect the pedigree of this hybrid, since the spores of L-& 
verminate faster than those of T-12 (16). There were also differences in 
pathogenicity, as indicated by the fact that 17 segregates failed to produce 
an F., generation. 


DISCUSSION 


a recent paper dealing with the biology of 7. caries and T. foetida, 


I 
Halbsguth (7) attempts to refute all published experimental evidence of 


heterothallism and hybridization in these species. He believes that three 
false assumptions have led to an erroneous conclusion that the two phenom- 
ena occur in these smuts. These assumptions are: that lines of both sexes 
be cultivated in the haplophase; that the cultivated haploid mycelia 


can 
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and conidia can copulate; and that the products of such copulations can 
eause infection. Halbsguth (7) contends that proof of infection with 
paired monosporidial lines is conclusive only under the following three con- 
ditions: 1) strict contrast between inoculated and noninoculated plants (in- 
fection in the former and not in the latter); 2) reproducible results and 
plenty of data; and 3) absolute exclusion of infection from natural sources 
(contamination). In his opinion the first two conditions have not been ful- 
filled and the third is practically impossible to meet. Halbsguth (7) main- 
tains, therefore, that definite conclusions cannot be drawn from results 
available thus far. The writer believes that Halbsguth’s position is wholly 
untenable and that the data presented in this paper should overcome his 
objections. 

As pointed out earlier, complete sets of monosporidial lines from indi- 
vidual chlamydospores of 7. caries and T. foetida, although essential to a 
thorough study of genetic phenomena, are not essential to a demonstration 
of heterothallism and hybridization in these species. The data presented by 
Flor (5, 6), Hanna (9), Becker (1), and Holton (11) show clearly that 
certain pairs of monosporidial lines produced infections, whereas these lines 
individually and in certain other combinations failed to do so. This seems 
to prove the heterothallic nature of these species. Furthermore, the be- 
havior of the products of certain of these inoculations (1, 9, 10, 12, 13, 14) 
clearly indicated their hybrid nature and their pedigree. 

Basically, the technique described here for isolating and culturing com- 
plete sets of primary sporidia of 7. caries and T. foetida is a modification of 
that described by Hanna (8) for Ustilago spp. The procedure was sug- 
gested by the fact that when primary sporidia are left undisturbed almost 
100 per cent of them germinate and grow, whereas very few isolated primary 
sporidia grow. This suggests a high degree of sensitivity to some factor in 
the isolation. Flor (6), noting that the primary sporidia were easily in- 
jured, used a glass needle with a rounded point to reduce the injury. 
Hanna (9) had difficulty in obtaining cultures of isolated primary sporidia 
but did culture complete sets from individual spores by a ‘‘special tech- 
nique,’’ which was not described. Becker (1) interpreted the mortality in 
isolated primary sporidia as a manifestation of extreme sensitivity to con- 
tact with the isolating needle. He decreased the mortality rate by first 
placing the sporidia side by side in rows sufficiently separated to prevent 
fusion, and then transferring to individual tubes those which grew. No 
complete sets were obtained, however (1). 

Prior to the development of the isolating technique described here, the 
mortality rate was above 90 per cent when sporidia were isolated and trans- 
ferred individually from one hanging drop of agar to another. Considering 
the ease and facility with which the sporidia could be picked up and trans- 
planted, the possibility of mechanical injury seemed unlikely, unless mere 
contact with the needle produced such injury. To test this, several sets of 
sporidia were picked off and transferred to different locations on the same 
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hanging drop of agar and left in groups, but separated to prevent fusion. 
Some were purposely subjected to unduly severe contact with the needle. 
With rare exceptions, the sporidia thus isolated developed mycelial colonies, 
despite the fact that they had been subjected to treatment at least as severe 
as in the other procedure. Thus, mechanical injury from contact with the 
needle was eliminated as a factor in the high rate of mortality. There still 
remained, however, the possibility of physiologic injury and of a cyto- 
plasmic stimulus essential to growth initiation. Such a stimulus would be 
effective when the sporidia remained in close proximity but not when they 
were placed on separate cover slips. This latter possibility was eliminated 
when it was found that the mortality rate was very low among sporidia that 
were isolated and transplanted immediately to separate hanging drops of 
agar on the same cover slips. 

During the process of testing the two isolating procedures, a distinct 
difference in the physical appearance of the isolated sporidia was observed. 
Normally the protoplasm of the primary sporidium appears as a continuous 
homogeneous mass. This characteristic was retained by sporidia that were 
isolated and transplanted, in groups or singly, to separate locations on the 
~same cover slip. In contrast, the protoplasmic contents of sporidia that 
were isolated and transferred to separate cover slips appeared to have been 
transformed into a globular chain extending the length of the sporidium. 
These sporidia, without exception, failed to grow. 

The essential difference between these two isolating procedures was the 
time required to complete the transfer. Transferring sporidia from one 
cover slip to another requires more time than transferring them from one 
location to another on the same cover slip. In the first method the sporidium 
on the isolating needle is subjected to a longer period of desiccation, result- 
ing in severe contraction of the protoplasm. These and subsequent observa- 
tions indicated a direct correlation between length of time the primary 
sporidia, either singly or in groups, are out of contact with the medium 
(moisture) and rate of mortality. Therefore, time, as related to rate of 
desiccation of the sporidia, appears to be the critical factor in isolating and 
culturing primary sporidia of T. caries and T. foetida. Experience in these 
studies indicates that desiccation ensues within 5 see. after a sporidium is 
removed from the promycelium. In the isolations that yielded the highest 
percentage of cultures, the transfer of a single sporidium was accomplished 
in 2 to 3 see. 

Halbsguth (7) suggested the possibility that in 7. caries only the sporidia 
of one sex could be grown in culture. Becker (1) observed that the sporidia 
of T. caries could be cultivated with greater facility than those of 7. foetida, 
indicating a genetic deficiency in the latter species. It should be empha- 
sized here that no isolation technique can compensate for lethal deficiencies 
in the primary sporidia. As already indicated (Table 1), such a deficiency 


exists in 7. foetida, and in at least one race it was sex-linked. The extent 


to which this phenomenon exists in other races of this species has not been 
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determined. However, no evidence was found to support Halbsguth’s (7) 
suggestion with regard to 7. caries. 

While the deficiency referred to operates against saprophytism, it does 
not interfere with parasitism, as shown by the fact that all races of 7. foetida 
produce infection from chlamydospore inoculations. Under these condi- 
tions, the primary sporidia fuse soon after their formation on the promy- 
celium. The products of these fusions can cause infection but cannot grow 
in culture. Furthermore, many fused pairs of primary sporidia from races 
of both species have been isolated without obtaining a single culture. The 
fusion process establishes the dikaryophase that apparently cannot revert 
to the haploid condition and thereby produce a mixed culture. Neither has 
it been possible to determine the sex attributes of monosporidial lines by 
mixing the secondary sporidia on agar. Therefore, the sex ratio in any 
group of monosporidial lines of these species cannot be determined abso- 
lutely except by host inoculations with all possible combinations. 

Conflicting reports on the number of sex-compatibility factors in 7’. caries 
and 7’. foetida possibly are attributable to differences in methods of deter- 
mination. Fusion between primary sporidia on agar and infection of the 
host by paired monosporidial lines are the only known sex-compatibility in- 
dicators for these species. Both of these have definite limitations. For 
example, sporidial fusion is a compatibility index only for those sporidia of 
a fused pair. All of the possible matings in a given set of primary sporidia 
cannot be made unless monosporidial lines are obtained. 

The criterion of sex compatibility in matings of monosporidial lines of 
T. caries and T. foetida is pathogenicity, as indicated by infection of the 
host. This criterion is reliable only in proportion to the efficiency of the 
inoculation method, since negative results (absence of smut) with a highly 
susceptible host may result either from incompatibility or escape from infee- 
tion. Obviously, conclusions based on results of inoculations should take 
this into consideration. On the other hand, as pointed out by Halbsguth 
(7), infection in some cases might be due to contamination; consequently, 
the inoculation method should insure proper conditions for infection by com- 
patible combinations and preclude the possibility of contamination. 

The considerations mentioned emphasize the importance of using reliable 
methods for determining compatibility in these species. Flor (6) concluded 
that multiple sex factors were indicated by the results of inoculations with 
matings among 12 monosporidial lines of 7. caries. He assumed that cer- 
tain compatible combinations failed to produce infection, owing to inade- 
quacy of the inoculation method. This assumption is supported by the fact 
that certain compatible combinations used in these studies failed to produce 
infection in the first test but did cause infection when the inoculations were 
repeated. However, in contrast to Flor’s (6) results, only two sex factors 
were indicated. Nevertheless, determination of sex-compatibility factors in 
T. caries and T. foetida by inoculation with paired monosporidial lines is 
directly dependent upon the effectiveness of the method used. The method 
used in these investigations appears to be the most effective one yet described. 
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The method of sex determination in T. caries used by Hanna (9) is 
simpler than the inoculation method. He placed primary sporidia close 
together in pairs on non-nutrient agar and observed fusion between com- 
patible pairs. Fifty per cent of the pairs for individual spores and between 
sporidia from different spores fused, and Hanna (9) concluded from this 
that the sporidia represented two sex-compatibility factors. This conclu- 
sion is valid mathematically for populations in which the two sexes occur in 
approximately equal numbers. 

Although there are several reports (1, 6, 9, 10, 12, 13, 14) on the ex- 
perimental production of species and race hybrids in the bunt fungi, Halbs- 
guth (7) holds that there is no positive evidence that such hybrids have 
been produced. He reports experiments in which the results of inoculations 
were inconclusive because of *‘spontaneous infection’’ (contamination) in 
the control plants. ‘This is the basis for Halbsguth’s (7) refutation of the 
evidence for hybridization presented by others (1, 6, 9, 10, 12, 13,14). Qb- 
viously, In experiments of this kind, strict controls are essential. Thus far, 
Halbsguth (7) is the only worker in this field who has been unable to avoid 
contamination of experimental plants. Just why his experience in this re- 
spect should invalidate the results reported by others is not clear. Never- 
theless, Halbsguth (7) contends that any conclusions drawn from mycelial 
infections with combined haplonts of Tilletia spp. on wheat are dubious. 

The preliminary results reported here on inheritance studies in a spe- 
cies hybrid constitute additional evidence that 7. caries and T. foetida 
hybridize. The character of the reticulate markings of the F, chlamydo- 
spores indicated their hybrid nature, and the segregation of the population 
into reticulate and smooth spores is tangible evidence of their parentage. 
The nature of inheritances of spore morphology, rate of spore germination, 
and pathogenicity have not been determined. The development of a method 
to obtain complete sets of monosporidial lines from hybrid chlamydospores 


should facilitate such studies. 


SUMMARY 


A method was developed by which complete sets of primary sporidia from 
individual promycelia can be isolated and cultured, and an improved method 
for inoculating with paired monosporidial lines is described. Prevention of 
excessive drying or desiccation of the primary sporidia in the isolation 
process was the eritical factor in obtaining monosporidial lines of T. caries 
and T’. foetida. 

Larger percentages of the isolated primary sporidia of T. caries grew 
than of 7. foetida. Similarly, the isolated primary sporidia of certain races 
of each species grew more readily than those of other races, thus indicating 
a genetic difference. 

Two sex compatibility factors were found in matings between mono- 


sporidial lines from individual chlamydospores. There was no evidence of 
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multiple factors for sex in matings between monosporidial lines from dif- 


ferent chlamydospores. 


A sex-linked lethal deficiency in one race of T. foetida was indicated in 


studies with monosporidial lines of this race. 


Segregation and recombination of factors for reticulate and smooth 


spores was evident in the F, population of a hybrid between T. caries and 


T. foetida. There was also some evidence of segregation and recombination 


of factors for rate of chlamydospore germination, although this was not 


conclusive. 
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INFECTION OF SUGAR-CANE STALKS BY THE RED-ROT 
FUNGUS, PHYSALOSPORA TUCUMANENSIS SPEG. 


R. J. STEIB AND 8S. J.P. CHILTON 
(Accepted for publication January 20, 1951) 


The disease known as the red rot of sugar cane caused by Physalospora 
tucumanensis Speg. (Colletotrichum falcatum Went) causes a rot of seed 
pieces in Louisiana which often results in poor stands (1, 2, 4). Although 
the sugar-cane stalks seem healthy when examined in the fall at the time of 
planting, later in the winter the symptoms of the disease can be seen inside 
the stalks, and the causal fungus can be isolated from the diseased areas. 
As sugar cane in Louisiana is usually planted in land which has had an in- 
tervening crop of soybeans, it is difficult to account for infection from the 
fungus living over in the soil. In experiments made over a number of 
years, increases in disease incidence have not been obtained with sugar-cane 
stalks dipped in conidial suspensions of the fungus before planting. The 
addition of cane leaves infected with the fungus to the soil at time of plant- 
ing has not increased the amount of the disease. Fungicides known to kill 
the conidia and mycelium of the fungus, when used as seed treatments, have 
been unsuccessful in reducing the disease. Recent experimental studies in 
India (3, 5) have shown that the fungus causing the red-rot disease can 
penetrate the nodal tissues of sugar-cane stalks of susceptible varieties in 
the field. These facts led to the suspicion that the fungus causing this 
disease might be present in apparently healthy sugar-cane stalks in a latent 
form near the surface, and was capable of developing in the stalks after 
planting. Experiments were made to test this hypothesis, and this paper 


reports results substantiating this assumption. 


MATERIALS AND METHODS 


The data given were obtained from experiments made in the fall and 
winter of 1946-1947 and 1947-1948. While five varieties of sugar cane 
were used, most of the studies were made with two varieties, Co.290 and 
C.P. 34-120, both of which were known to be susceptible to the fungus 
Physalospora tucumanensis. 

The sugar-cane stalk has a very thick epidermis in the internodal area, 
and past experiments, reviewed by Abbott (2), have led most investigators 
to the conclusion that the fungus must enter the sugar-cane stalk through 
some part of the nodal region. For this reason the isolations made in this 
study were confined to this area of the stalk. 

To test for the presence of Physalospora tucumanensis in the node, 
pieces of tissue were cut out of each node, from the root-band area or from 
the leaf sear, and placed on oatmeal agar in Petri plates. This did not in- 


elude all the tissue from a node, and for this reason infections were probably 
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higher than given. If the fungus appeared from one or more of the pieces 
of tissue from a node, the node was considered infected. Bud tissues were 
also plated, these usually being removed with a sterile cork borer. In certain 
of the experiments the two outer protective scales of the bud were removed 
and plated separately. 

The plates were kept 5-8 days at room temperature before they were 
checked for the presence of the fungus. 


ISOLATION OF THE FUNGUS FROM APPARENTLY HEALTHY STALKS OF SUGAR CANE 


To determine the presence of Physalospora tucumanensis in the surface 
tissues of the sugar-cane node, stalks of the two sugar-cane varieties known 
to be susceptible to this fungus were surface-sterilized for 10 min. in bi- 
chloride of mercury solution (1: 1000), and four pieces of the root band and 
the buds from a number of apparently healthy stalks were plated on oatmeal 
agar. The fungus was present in or on the root band of 10.5 per cent of 


TABLE 1.-- Effect of different periods of surface sterilization with 
1;1000 HgCl2 on the isolation of Physalospora tucumanensis from leaf 
scars, bud scales, and buds of Co.290 














Number Percentage of nodes giving P. tucumanensis 
Sterilization of nodes from 
period® plated Leaf scar Bud scale Bud with outer 


scales removed 





10 min. 55 60 69.1 14.5 
30 min, 100 73 71.0 4,0 
12 hr. 100 48 5.0 4.0 
24 hr, 100 21 1.0 3.0 





&aTime immersed in 1;1000 HgCl> solution in 50 per cent alcohol. This 
was followed by a saturated solution of calcium hypochlorite until tissue 
was plated, 


286 nodes of Co.290 and in 17.8 per cent of the buds. It was in or on the 
root band of 45.3 per cent of 150 nodes of C.P.34-120 and in 13.3 per cent 
of the buds. 

To eliminate the possibility that the sterilization used was ineffective in 
killing all conidia or fragments of mycelium on the surface of the cane, 
stalks were immersed in the bichloride of mercury solution for periods rang- 
ing from 10 min. to 24 hr. In these tests, the leaf-scar tissues, the two outer 
bud scales, and the buds with the scales removed were plated separately. 
The fungus was recovered from these tissues after immersion for as much 
as 24 hr. in the sterilizing agent (Table 1). 

There was a possibility that conidia, embedded in the waxy layer on the 
surface of the sugar-cane stalk, might not be reached by the bichloride of 
mereury. To eliminate this possibility, stalks were treated with toluene and 
xylol, in which this waxy material is soluble, and other stalks were mechan- 
ically cleaned with steel wool. The results of the tests with stalks subjected 
to these treatments (Table 2) indicated that the fungus was present below 
the surface of the sugar-cane stalk. 
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PHYTOPATHOLOGY 


DEVELOPMENT OF THE FUNGUS IN APPARENTLY HEALTHY STALKS 


OF SUGAR CANE 


Although the above results showed rather clearly that the red-rot fungus 
was present on seemingly healthy stalks of sugar cane and was not removed 
by surface sterilization, it was still necessary to show that the fungus could 


TABLE 2.-- Effect ot various treatments on the isolation ot Physalos- 
pora tucumanensis from root bands and bud tissues of Co,290 














Number Percentage of nodes 
Treatment 4 of nodes giving fungus from 
plated Root band Bud scale Bud 
Gleaned Steel Wool .o.ciccciccccsccccces 185 27.6 28.6 Be 
Merthiolate, 0.25 per cent, 24 hr... 40 iZ 5 oe 15.0 
Thiourea, 1.5 per cent, 24 hr, ,....,. 40 12,5 7.5 
Puratized N5E (5 per cent), 0.25 
go Ra ET a re 40 5.0 5.0 0,0 
Tersan, 1,0 per cent, 5 min.,; 
DIRCOS GULET 2S TF oo cvciccace cases 50 16,0 ra 4.0 
Toluene, 15 min,; HgCl,, 10min. 50 22.0 54.0 6.0 
leaned with toluene .................. 100 3.0 46.0 25.0 
Xylol, 5 min,; HgCl>, [0 wun. ....:.. 50 28.0 46.0 10.0 





“HgCl2 was a 1;1000 solution in 50 per cent alcohol. All treatments 
were followed by a saturated solution of calcium hypochlorite until tissue 


was plated. 
After 


sugar-cane stalks were subjected to various conditions, it was found that the 


develop from these original foci and enter the interior of the stalk. 
development of the fungus could be stimulated by holding the stalks at 
70° F. for 20 to 30 days; and after this period the infections could be traced 
to the original points of infection. 

During a period of 2 years, isolations were made from the nodal tissues 
ff five varieties of sugar cane, and other stalks were placed at 


stalks ( 


ot 


TABLE 3-- Jsolation of Physalospora tucumanensis and development 
of red rot in nodes of five varieties of sugar cane in 1947 and 1948 























Number Isolations: Number Rot development; 

of Percentage of nodes of Percentage nodes 

Variety nodes giving fungus from_ nodes infected through — 

plated Leaf Bud exam- Leaf Growth 
scar scale Bud _ ined scar Bud ring Total 
Co .290 605 51.9 68.6 3.3 965 33.4 2259 0.0 $5.5 
C .P.29-320 100 4.0 59.0 14.0 120 40.8 19.2 4.0 49.2 
CP 34-120 164 23.2 39.6 23.2 200 117.0 9,5 0.0 18,5 
C'P.36-105 140 20.0 27.1 1.4 125 1.6 00 00 1.6 
D 74 100 46.0 47.0 2,0 100 30.0 16.0 0.0 46.0 





70° F. for 30 days and examined for disease development within the stalks. 
In the initial tests, isolations were made from all areas having infections 
within the stalk, but later only doubtful areas were tested for the presence 


The data are summarized in table 3. Of the five varieties 


of the fungus. 
used, a high percentage of the nodes developed red rot in the interior, and 
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most of the initial points of infection were around the buds and leaf scars. 
In one variety, C.P.36-105, known to be resistant to red rot, very little in- 
fection developed in the stalk. The data also indicate that under the con- 
ditions of the experiments, the root band was not a point of entry for the 
red-rot fungus. In figure 1, a number of nodes with various stages of de- 
velopment from initial bud infections and leaf-scar infections are shown. 





Fig. 1. Development of red rot ecaused by Physalospora fucumanensis. Top: from 
leaf-sear infection. Bottom: from bud infection. 


In further studies, untreated, infected stalks were placed at 70° F. and 
compared with stalks dipped in various fungicides. Results of tests over 2 
years with three varieties susceptible to Physalospora tucumanensis and five 
fungicides are in table 4. None of the fungicides, although left on the sugar- 
cane stalks for the duration of the experiment, gave any great reduction in 
the number of nodes in which the red-rot fungus developed. 
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These results leave little doubt that apparently healthy stalks of sugar 
cane are infected with Physalospora tucumanensis, and that from the foei 
of infection the fungus grows into the interior of the sugar-cane stalk. 


DEVELOPMENT OF PHYSALOSPORA TUCUMANENSIS IN THE FIELD 


Observations in the field indicate that the fungus Physalospora tucu- 
manensis first appears as lesions on the leaf midribs. As the sugar-cane 
stalk grows and the stem elongates, the leaf sheaths turn red on the inside, 
and pull away from the stalk and form chambers containing water. When 
a sheath is placed in a moist chamber, acervuli and conidia of the fungus 
develop on the inside of the sheath. It would appear from these observa- 


tions that the leaf-sear tissues, the root-band area, and the bud seales become 


TABLE 4.-- Effect of fungicides and storage at 70° F. on the develop- 
ment of red rot in 1949 nodes of three varieties of sugar cane 











Variety, and treatment Number Percentage of nodes infected Total 
before storage at 70°F. of through: Root band nodes 
nodes Leaf Growth and in- 
examined scar Bud ring leaf scar fected 
Co.290 
MOONE condiecwnevaiw res 475 24.8 16.6 0.4 2.1 39.8 
1;1000 HgCl> ..... 30 min, 100 29.0. 27.0 2.0 3.0 55.0 
Tersan, 1 per cent, 5 min. 154 18.8 16.9 2.6 0.0 38 3 
Spergon, 1 per cent, 5min, 185 319 18:9 0,0 0.0 50.8 
Phygon, 1 per cent, 5 min. 150 24.0 10,0 2.0 E.¢ 34.6 
1;500 Puratized N5E 
(5 per cent),....5 min, 325 10.8 6,1 0.0 0.6 16.3 
C .P.34-120 
ROM ve taaasiesnans 250 10.4 96 60 i 14.8 
1;1000 HgCl>...... 30 min, 110 3 54 6.9 1.8 11.8 
Tersan, 1 per cent, 5 min, 50 0.0 12.0 066 0.0 12.0 
Spergon, 1 per cent, 5 min, 40 5:30 15:0 0 0.0 30.0 
Phygon, 1 per cent, 5 min, 40 7.3 73 6 OO 0.0 25.0 
C .P.29-320 
DOU Giese didecdevebes 25 20,0 4.0 0,0 0.0 24.0 
Spergon, 1 per cent, 5 min. 25 4.0 44.0 0,0 0.0 48.0 
Phygon, | per cent, 5 min. 20 5.0 20.0 0,0 0.0 25.0 





infected as the leaf sheaths pull away from the sugar-cane stalk, and the 
fungus first develops on the sheaths, spreads, and finally infects the nodal 
tissues. 

In order to obtain information on this, tissues were plated from nodes 
where the leaf sheaths were tight (the upper nodes of the stalk), where 
they were beginning to redden on the inside (middle upper nodes), and 
where they were loose (bottom nodes). The fungus was obtained from the 
root band of 7 per cent of 100 bottom nodes of Co.290 and 24 per cent of 
the buds. From 50 bottom nodes of C.P.34-120 the fungus was obtained 


from root bands of 52 per cent and from buds of 18 per cent of the nodes. 
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Middle upper nodes of these varieties also yielded the fungus: 8 per cent of 
100 nodes of Co.290 had the fungus in the root band and 8 per cent in the 
bud; 32 per cent of 50 nodes of C.P.34-120 had the fungus in the root band 
and only 4 per cent had it in the bud. Upper nodes of both varieties failed 
to yield the fungus. 

[In a second experiment, the leaves with their sheaths were removed from 
sugar-cane stalks during the growing season while still green, and platings 
made in the fall from nodal tissues were compared with platings from 
stalks from which the sheaths had not been removed. Stalks were also 
placed at 70° F. for 30 days to determine the development of the red rot in 
the interior of the stalks. The results (Table 5) show that the latent in- 


TABLE 5,-- Effect of removing leaf sheaths while green from growing 
Co.290 sugar cane on the isolation of Physalospora tucumanensis and the 
development of red rot 

















Treatment Number of Percentage of nodes giving fungus 

nodes plated from 

Leaf scar Bud scale Bud 

Sheath removed 150 0.7 0.7 22.0 

Sheath not removed 150 69.3 76,0 42.0 

Number of Percentage of nodes infected 
nodes examined through 

Leaf scar Bud 

Sheath removed 365 6.0 9.6 

Sheath not removed 175 65.1 44.6 





fections in leaf scars, bud scales, and buds were reduced and that less red 
rot developed in the stalks where the sheaths had been removed. The in- 
crease in bud infections was probably due to the swelling of the buds where 
the leaf sheaths were removed, these forming a trap for the conidia of the 
fungus. 


DISCUSSION 


The experimental results indicate that apparently healthy stalks of sus- 
ceptible varieties of sugar cane have a large number of more or less super- 
ficial infections which can develop into the sugar-cane stalk when environ- 
mental conditions are favorable. The control of the disease would thus 
necessitate some means of destroying these local infections, or the use of a 
fungicide which would go behind the leaf sheath and prevent the leaf-scar 
and bud-seale infections while the sugar cane was growing. 


SUMMARY 


Leaf-scar, bud, and root-band tissues of apparently healthy stalks of 
sugar cane of varieties susceptible to the red-rot fungus were plated on 
agar after surface sterilization. The fungus Physalospora tucumanensis 
was recovered from these tissues from a high percentage of the nodes. 
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The development of the disease could be traced from these initial points 
of infection into the stalks. 

The course of infection was followed in the field, and experiments were 
made which indicated that the fungus first develops behind the leaf sheaths 
as they pull away from the stalk and then it spreads to the nodal tissues. 
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FUSARIUM MONILIFORME, THE CAUSE OF A STALK ROT OF 
SORGHUM IN TEXAS' 


EDGAR C. TULLIS2 
(Accepted for publication January 28, 1951) 


A destructive stalk rot of sorghums (3, 6, 16) caused by the charcoal-rot 
fungus Macrophomina phaseoli (Maubl.) Ashby (1) (Sclerotium bataticola 
Taub., Rhizoctonia bataticola (Taub.) Butl.) occurs widely in the United 
States (6) and India (19). In an investigation of this disease in north- 
western Texas in the late summer of 1942, several other fungi seemed to be 
producing similar stalk symptoms. Symptoms of this disease complex vary 
considerably among different varieties. For example, in dwarf types of 
sorghum, in which the leaf sheaths completely envelop the culm, there was 
little or no evidence of infection until the plants had begun to wilt and dry. 
In tall varieties, in which portions of the culm are exposed, infection ap- 
peared first as red to purple or brownish discolorations of the vascular 
bundles in the periphery of the culm, or as discolored spots on the outside 
of the stalk at the ground line where initial infection had occurred. Streaks 
also occurred in the leaf sheath, but since this might result from insect or 
mechanical injury, it is not a positive index of infection. 

The most striking symptoms were red to purple or brown discolorations 
of the pith and vascular bundles in the interior of the culm. The discolora- 
tion extended farther along the bundles than in the pith, particularly in the 
earlier stages of the stalk rot (Fig. 1, A and B). In the more advanced 
stages, the interior of the stalk frequently became water-soaked, or the pith 
rotted away leaving the vascular strands as loose strands inside the outer 
eylinder of the culm. When this latter condition, usually referred to as 
‘“*shredded,’’ resulted from fungus infection, reproductive bodies of the 
fungus were found along the vascular strands. Diseased stalks of the varie- 
ties of medium height, such as Sooner and Texas milo, usually broke over 
just above the ground, but in the dwarf types, such as Martin, support sup- 
plied by the overlapping sheaths often was sufficient to prevent lodging. 
Occasionally, in such diseased plants, lodging did not occur because the 
entire stalk dried without destruction of the pith. 

Tissue platings from sorghum plants with typical stalk-rot symptoms 
were made at Chillicothe, Texas, in 1942, and several different fungi were 
isolated. Macrophomina phaseoli and another fungus first reported as 
Spicaria elegans (Cda.) Harz (18) were obtained with about equal fre- 
quency in about 40 per cent of the platings. Subsequent investigations of 
the identity of the latter fungus by A. G. Johnson and C. D. Sherbakoif 

1 Cooperative investigations of the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administra- 


tion, U. S. Department of Agriculture, and the Texas Agricultural Experiment Station. 
2 Pathologist, Division of Cereal Crops and Diseases, U.S. Department of Agriculture. 
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showed that it was the microconidial stage of Fusarium moniliforme Sheldon 
Gibberella fujikuroi (Saw.) Wr.). Other platings either were sterile or 
vielded Rhizoctonia spp., Fusarium spp., or bacteria. In many cases M., 
phaseoli and F.. moniliforme were cultured from the same tissue piece. The 
frequent occurrence of the latter fungus in diseased sorghum tissue both in 
the Chillicothe and Lubbock areas of Texas indicated that it might be one of 
the causes of sorghum stalk rot in northwest Texas (11). 
There have been numerous reports of attacks of corn and sorghum by 
FE’. moniliforme;: seed rot and seedling blights (8, 10) ; nodal infection (5, 7, 
14,15); ear rot (2,8); and root and stalk rot from New South Wales (13), 
and in the United States (4, 9, 12, 17). These are but a portion of the 


publications bearing on the problem. 





Fig. 1. A. Culm of Feterita F.C.811 inoculated with Fusarium moniliforme ; external 
view showing streaks. B. Streaks and discoloration in Texas Blackhull kafir culms from 
inoculations with F. moniliforme. C and D. Hyphae of F. moniliforme in trachae of 
Texas milo: C, x40: D, x 90, 


There appears to be some question as to the pathogenicity of the fungus. 
A number of investigators, especially Leonian (9), reported that develop- 
ment of the fungus in the plant usually followed some type of injury to the 
host plant. This also was the opinion of the writer, for the disease was 
more severe in dry, hot weather. There also appeared to be fairly close 
correlation between attack by FP’. moniliforme and crown or root injury by 


the sugar-cane root-stock weevil Anacentrinus deplanatus (Csy). 


THE FUNGUS 
Macroscopically the cultures of the fungus are typical of those of the 


hyaline species of Fusarium. The hyaline conidia are borne in chains, 
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which persist in culture for a considerable time but eventually break down, 
forming an irregular clump at the tip of each conidiophore. The spores are 
fusoid to ovate, 3-6 x 2-3.5 » when young and 5-9 x 24» when older. The 
mycelium and conidiophores are hyaline, and the latter are borne more or 
less in clusters. 

The fungus found by the writer in Texas answers the description of 
F. moniliforme except that only microconidia have been produced. The 
fungus as found on sorghum and corn in Texas may be described as follows: 
Mycelium hyaline to slightly grayish, in and on the culms of Sorghum vul- 
gare Pers.; conidiophores solitary or in groups of two to four, acute at the 
apex; conidia catenate, chains simple or infrequently branched in culture, 
20 to 60 conidia in a single chain ; spores fusoid to ovate, 3-6 x 2—3.5 » when 
first formed, 5-9 x 2-4,» when older; chains eventually collapse and form 
irregular clumps of conidia at the apex of the conidiophores. 


INOCULATION EXPERIMENTS 

Sorghum plants were inoculated with F. moniliforme in the greenhouse 
at Beaumont, Texas, during the winter of 1942-1943, and in the field during 
August 1943, to determine whether this fungus was able to cause stalk rot 
in that host. Tissue platings were made from the inoculated plants after 
signs of infection became evident, by transferring small pieces of tissue 
from the diseased culms to cornmeal agar in test tubes or Petri dishes. 

Greenhouse inoculations. Five or six plants of each variety of sorghum 
were grown in each of two 3-gal. stoneware jars in about 10 kg. of soil. All 
plants were grown to maturity except those gathered at intervals for exam- 
ination following inoculation. The inoculations were made by 1) inserting 
conidia into small punctures in the culms; 2) wounding the roots after a 
conidial suspension had been poured onto the soil; or 3) growing the plants 
in the infested soil without wounding them in any way. 

Plants of Texas milo, Spur feterita, Feterita F. C. 811 and Sooner milo 
(C. I. 917) were inoculated when 7 weeks old by inserting conidia into 
wounds in the culms (Table 1). Eleven days later, discoloration was found 
to the limits of the inoculated internodes in Sooner milo and Spur feterita. 
One month later, several plants of each variety were split to determine the 
extent of invasion. Tissue platings were made from the culms of these 
plants and the fungus Fusarium moniliforme was reisolated in each case. 

Infection occurred in all inoculated plants, and the results indicate that 
the fungus is distinctly pathogenic on most of the varieties tested. Non- 
inoculated control plants remained healthy. 

Some resistance to the fungus was indicated in Wheatland G. C. 43 and 
Texas Blackhull kafir, since the fungus was unable to grow beyond the 
limits of the inoculated internodes of these varieties. 

In another inoculation experiment, culms of 4-months-old plants of 
hegari x milo., Manko, Kalo, Sooner milo, and Texas milo were inoculated on 
February 17, as in the previous experiment. Five days later discoloration 


PINM/ODCITY OL RAILCAR 


¢ 


I Ie A EPIL 








532 PHYTOPATHOLOGY [Vou 41 


was evident around the point of inoculation, and on examination it was 
found that the maximum invasion was 2 in. in Manko and Kalo, 4 in. in 
Sooner, 7 in. in Texas milo, and 6 in. in hegari x milo... F. moniliforme was 
reisolated from these plants. No disease was found in noninoculated con- 
trols. 

[In June 1943, ten varieties were planted in duplicate in the greenhouse. 
After 3 weeks, the soil in one replication was inoculated with a conidial sus- 
pension of F’. moniliforme, the other being kept as a control. The inocnu- 
lated top soil was stirred vigorously and some root injury resulted to the 
plants in these jars. Five months later, the matured plants were pulled and 
examined for stalk rot. ‘Tissue platings were made whenever the fungus 


causing the rot could not be identified microscopically. F. moniliforme was 


TABLE 1.-- Spread of infection in culms of eight varieties of sorghum 
inoculated with a pure culture of Fusarium moniliforme 








Spread of infection from 





Variety Accession No. of point of inoculation 
number® culms Upward Downward 
inocu- Maximum Average Average 
lated (inches) (inches) (inches) 
Chiltex ..... F.C. 8917 11 5.2 2.5 0.5 
Texas Blackhull 
| Re ee F.C. 8962 2 3.5 3,0 1.0 
Texas milo .... T.S. 25243-338 8 11,0 7.0 1.0 
Feterita ....... F.C. 811 5 5.0 Py 0.5 
Spur feterita ... C.I . 623 8 6.7 4.5 1.0 
Sooner milo ..... C1. 917 10 8.2 4.2 : 5 
Wheatland ....... C1, 918 8 4.0 1.4 0.2 
Wheatland ....... G.C, 43 8 1,0 0.5 0.5 





* Accession numbers: F .C., Forage Crops; T.S., Texas Station; C.I., 
Cereal Investigations ; G.C., Garden City, 


found in 11 per cent of the plants of Manko, 7 per cent of the plants of 
Sooner, 12 per cent of the plants of feterita F. C. 811, and 3 per cent of the 
plants of hegari= milo.. No infection occurred in Kalo, Texas Blackhull 
kafir, Chiltex, Spur feterita, Texas milo, Wheatland G. C. 43 or Wheatland 
C. I. 918, nor in the noninoculated controls. 

Texas Blackhull kafir, Texas milo, and California White durra were 
sown in the greenhouse on October 12, 1943, in soil inoculated with Sclero- 
trum bataticola and Fusarium moniliforme. The soil was inoculated prior 
to seeding and the plants were not intentionally injured in any way. When 
the plants were pulled and examined 5 months later, 28 of the 205 plants of 
Texas milo had stalk rot, and F. moniliforme was reisolated in pure culture 
from 21 of these 28 plants. No stalk rot was found in any of the Texas 
Blackhull kafir plants. Some plants of California White durra died in the 
seedling stage and the causal fungus was identified as F. moniliforme, but 
no stalk rot was found in the mature plants. No disease was found in con- 


trols planted in noninoculated soil. 
Field inoculations. A small hole was drilled in the culms of field plants 
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in the flowering stage, and a suspension of conidia and mycelial fragments 
of Fusarium moniliforme was injected into the hole with a hypodermic 
syringe. For controls, holes were bored in the stalk, but no inoculum was 
introduced. Twenty-two varieties were inoculated at Chillicothe, Texas, in 
August, 1943. Symptoms were evident in all inoculated varieties about 10 
days later, and, in October, five culms of each of 12 of the varieties were 
examined in the laboratory at Beaumont. The extent of invasion of the 
culm, and the identity of the fungus, were determined. The results are 
in table 2. 


TABLE 2.-- Extent of invasion of 12 varieties of sorghum inoculated 
with a pure culture of Fusarium moniliforme at Chillicothe, Texas, in 1943 











Extent of invasion of culm 





Variety Accession Average Maximum Internodes 
number® (inches) (inches) (Number) 

Spur feterita ..... C I. 623 8 .3 13,0 6.0 
Wheatland ......... C1. 918 4.8 5.0 5 5 
Texas Blackhull 

HER ewe F.C. 8962 4.9 6.0 3.5 
Sooner milo..... C1. 917 16.2 20,0 10.2 
Petertee ...g sccessee F.C. 811 5.5 10.0 3.0 
Texas milo...... TS. :25243-338 13.6 23.0 7.2 
Martins Combine 

WN. oaccisesoues SA. 5330 5.3 6.0 5.2 
COSPOCE ....6ccc00 SA. 7000 4.4 6.0 5.4 
ere F.C, 8917 5.0 6.0 5.0 
Extra Early 

| ae S.A. 340 4.8 7.0 2.3 
SUR osc bacegsauane F.C, 6610 4.5 6.0 3.0 
NE cas dte sien cee SA. 259 8.4 14.0 4.0 





“Accession numbers: C.1., Cereal Investigations ; F.C,, Forage Crops: 
T.S., Texas Station;S.A., Sorghum accession, 


Fusarium moniliforme was identified or reisolated from all the plants of 
the varieties inoculated except Leoti (F. C. 6610), in which it was found in 
but two of the five plants examined. 

The most extensive invasion was in the more susceptible varieties such 
as Sooner and Texas milo. However, in the varieties that are highly re- 
sistant in the field, such as Texas Blackhull kafir, Caprock, and Spur feterita, 
it grew for some distance from the point of inoculation when the fungus was 
introduced into wounds in the culm. 

In general, it has been found that the varieties resistant to charcoal rot 
also are resistant to FP. moniliforme, but the degree of resistance to charcoal 
rot is greater. 

PATHOLOGICAL HISTOLOGY 

Fusarium moniliforme, when introduced into the eulm through wounds 
or injuries, becomes established in the parenchyma around the injury and 
soon grows out through the intercellular spaces into a vascular bundle. In 
many cases of artificial inoculation, the bundles are severed when the in- 
oculation is made and in that event the fungus becomes established almost 
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at once in the tracheary elements (Fig. 1, C and D). The hyphae then 
grow upward and downward, but mostly upward, from this point and the 
tissues of the invaded bundle become discolored. 

In the case of natural infection in the field, the fungus apparently gains 
entrance to the culm at or near the ground line and frequently through the 
roots near the base of the culm. The lesion is at first reddish but as it en- 
larges laterally the center turns brown and is bordered by a purplish mar- 
gin. Invasion of the bundles occurs as in artificial inoculations and the 
hyphae grow outward from the bundles and produce cavities in the pith, ac- 
companied by discoloration similar to that of the vascular bundles. Conidia 
are produced by the fungus in these cavities. The ultimate effect is the 
condition known as ‘‘shredding,’’ in which the pith is entirely destroyed 
and only the vaseular strands are left in the interior of the culm. 

Infection occurs on the roots of resistant varieties, but in the field the 
fungus is apparently unable to reach the crown of the plant and stalk rot 
does not develop. 

SUMMARY 


A stalk rot of sorghum, with many symptoms similar to those of char- 
coal rot, is caused by Fusarium moniliforme. 

This fungus infected sorghum plants of all varieties tested when they 
were inoculated through wounds. Certain varieties became infected with- 
out wounding when grown in soil infested by this fungus. 

Varietal resistance to F. moniliforme was found in Texas Blackhull 
kafir, feterita (F. C. 811), Extra Early Sumac, and, in general, in varieties 
that have resistance to charcoal rot. 

The fungus gains entrance to the culm through wounds, and in ex- 
tremely susceptible varieties through the roots at or near the surface of the 
soil. The culms are invaded through the vascular bundles and later through 
the pith 
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EFFECT OF CLIMATE ON DISEASE DEVELOPMENT, INJURLOUS- 


NESS, AND FUNGICIDAL CONTROL, AS EXEMPLIFIED 
BY SNAPDRAGON RUST 


\ W. DIMOCK AND KENNETH F. BAKER! 


(Accepted for publication February 1, 1951) 


Critical reexamination of details of a well-known plant disease some- 
times reveals significant relationships that may challenge the validity of 
prevalent assumptions and generalizations. Since the discovery of rust 
(Puceinia antirrhini D. & H.) on snapdragon (Antirrhinum majus lL.) in 
California in 1879 the factors affecting development of the disease have been 
studied rather extensively, particularly by Peltier (19), Doran (9), Butler 


4), Koechman (14), Aronescu-Savuleseu (1), and MeCallan (16). How- 


ever, experiments and field observations of the writers over the past four 
years have provided new information which calls into question several com- 
mon assumptions: (a) that the optimum temperature for spore germination, 
‘growth in culture, or infection is also optimal for disease development; (b) 
that the host injury associated with rusts is necessarily the direct effect of 
that secondary parasites in rust pustules are unim- 


the rust pathogen; (¢ 
that the general appearance of the 


portant in the symptom complex; (d) 
host is a fair index of control achieved by fungicidal application. 

Effect of temperature on spore germination and infection. The pub- 
lished data on the effect of temperature on germination of snapdragon rust 
urediospores contain some discrepancies. The sharp temperature curve 
for urediospore germination and host infection 
an 


reported by Doran (8, 9 
has not been substantiated by subsequent workers. Doran observed 
optimum at 50° F., with the percentage germination falling abruptly on 
either side of the optimum. At 46° and at 54° F. the average germination 
was, respectively, 27.5 per cent and 22.2 per cent of that at the optimum; 
at 41° and at 59° F. the corresponding figures were 0.2 per cent and 7.5 
In contrast to this, Aronescu-Savulescu (1) reported good ger- 
F., Mains (15) reported good germination from 

K., and McCallan (16) observed 
Koehman (14) found that although 
those in the latter 


per cent 
mination from 45° to 64 
45° to 75° F. with the optimum at 950 
food germination from 41° to 68° F. 

more urediospores germinated at 50° than at 64° F., 
group germinated in 2 hr. rather than 4 hr. and had germ tubes three times 
as long. Temperature-germination studies conducted at Ithaca in 1948 in- 
dicated a rather broad favorable range, germination occurring very satis- 


1 The authors are deeply indebted to H. A. Runnels and J. D. Wilson of the Ohio 
Agricultural Experiment Station at Wooster, J. L. Forsberg of the Illinois State Nat- 


ural History Survey at Urbana, and W. D. McClellan of the U. S. Department of Agri 
culture at Beltsville, Md., for the climatological and disease control data from the 1947 


cooperative fungicide tests herein discussed. Without these excellent records, prepara 


tion of portions of this paper would have been impossible. 
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factorily from 43° to 59° F. but falling off very rapidly at higher tempera- 
tures. 

As regards infection, Doran reported the mean relative number of pus- 
tules developing from inoculation at 50°, 59°, and 64° F. as 100, 7.6, and 3.5, 
respectively. MeCallan, on the other hand, found the equivalent relative 
numbers of pustules following inoculation at 41°, 50°, and 68° F. to be 
approximately 74, 100, and 72. Aronescu-Savulescu obtained infection at 
68° but not at 41° F. 

The divergent results reported may be due to many factors, among them 
1) differences in elapsed time prior to observations, 2) failure to pre-adjust 
the temperature of the germination surface prior to sowing the spores, and 
3) differences in spore source. Limited tests at Ithaca indicated that the 
germinative vigor of snapdragon rust spores and their sensitivity to high 
temperatures may differ with source. Urediospores from leaf and stem 


TABLE 1.-- Germination of urediospores of Puccinia antirrhini taken 
from uredia before and after exposure of the infected plants to 95° F. 




















Type Hours Location Percentage germination 
of exposure of Before exposure After exposure 
plant to 95°F. uredia Actual Actual Adjusted® 

Old sth Leaf 60 3 5 
Stem 51 0 0 

Old 48 Leaf 41 0 
Stem 30 l 3 

Young 30 Leaf 41 34 85 
Stem 39 41 103 

Young 40 Leaf 39 oF 93 
Stem 46 38 83 

Young 40 Leaf 23 14 61 
Stem 35 5 14 





®Percentage germination before exposure taken as 100 in each case and 
percentage germination after exposure adjusted proportionately. 


uredia on old infected plants which had been on the greenhouse bench sev- 
eral weeks, and from similar uredia on young, vigorous plants which had 
been on the bench about two weeks, were tested for germination and the 
plants then exposed to a temperature of 95° F. After exposure periods of 
30 to 48 hr., the germinability of spores from comparable leaf and stem 
lesions Was again determined. The results (Table 1), although lacking 
statistical significance, show a) that the viability of urediospores in situ is 
adversely affected by prolonged exposure to high temperature, and b) that 
spores from recently infected young plants are somewhat more resistant to 
such exposures and consequently might indicate a slightly higher maximum 
for germination. 

The deleterious effects of high temperatures were studied by Aronescu- 





@ 


f LOLA ese 


PINIASLDOCTIIV (9k RAI LI AN 





938 PHYTOPATHOLOGY | Vou. 41 


Savulescu (1), who found that urediospores of P. antirrhini were killed 
in 1 to 2 hr. at 92°-102° F. Yarwood (23) found that although a 40-hr. 
exposure was required to kill urediospores at 93° F., a 30-min. exposure was 
lethal at 105° F. 

Generalizing from the available reports it may be concluded that ger- 
mination and infection may occur satisfactorily at temperatures from some- 
what below 45° to at least 65° F. with the optimum about 50° to 55° F., 
and that these processes are greatly restricted at or above 70° F. Uredio- 
spores may be killed by prolonged exposure to temperatures at or above 
95° F. 

Effect of temperature on development of lesions and on the disease cycle. 
Considerably more attention has been given to the effect of temperature on 
spore germination and infection than to its effect on the subsequent develop- 
ment of the disease. Kochman (14) observed more rapid growth of germ 
tubes at 64° F. than at 50° F. despite a higher percentage germination at 
the latter temperature. Butler (4) found the period from inoculation to 
fruiting to be 17 days at a mean temperature of about 55° F., 10 to 12 days 
at 64° to 65° F., and 9 days at 70° F. 

A preliminary test was initiated in December 1946 at Los Angeles in 
which 12 snapdragons, about 6 inches tall, in each of two large pots were 
uniformly inoculated with urediospores and placed in identical moist cham- 
bers at 55°-65° F. for about 24 hr. One pot was then placed in a warm 
greenhouse section, the other in a cool section. The mean maximum of the 
warm section for 13 days following inoculation was 76° (73°-85°) F., the 
mean minimum 63° (55°-70°) F., and the average of the means 69.5° F. 
In the cool section the corresponding figures were 69° (64°-80°) F., 54° 

46°-59°) F., and 61.5° F. The first symptoms developed on the plants at 

the higher temperature in 11 days, at the lower temperature in 12 days. 
At the lower temperature infections were much more abundant than at the 
higher range. However, individual lesions developed more rapidly at the 
higher temperature, two secondary rings of pustules sporulating in many 
lesions before pustules ruptured in the first secondary ring of any lesions at 
the lower temperature. After 7 weeks most of the isolated lesions at the 
higher temperature were about 15 mm. in diameter with some up to 20 mm., 
whereas at the lower temperature comparable lesions were about 5 mm. in 
diameter, with some up to 10 mm. 

A second test was initiated in February 1947 at Los Angeles in which 
four young plants in each of eight pots were inoculated and placed in a 
single moist chamber overnight. The following day four pots were placed 
in the cool section, and four in the warm section. The mean maximum tem- 


perature in the warm section for the first 14 days was 84° (75°-92°) F., 
the mean minimum 68° (64°-75°) F., and the average of the means 74° F.: 
the corresponding figures for the cool section were 74° (61°—84°) F., 52 

16°56 F., and 63° F. First symptoms were evident in the high-tem- 


perature section in 7 to 8 days, with first sporulation in 9 days. At the 
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lower temperature, first symptoms were not visible until the eleventh day, 
and sporulation did not occur until the fourteenth day. 

In a series of controlled-temperature tests at Ithaca, the inoculated 
plants were placed in an infection chamber for 24 to 36 hr., then distributed 
in a series of artificially lighted incubation chambers. The temperature of 
the infection chamber was 54° F. (+ 1°) in the first test, 62° F. (+ 1.5°) 
in the second and fourth, and started at 72° F. but dropped rapidly to 62° 
F., because of regulator trouble, in the third. Five plants were placed in 


TABLE 2.-- Effect of temperature on development of snapdragon rust 











Infection Development Number of days from inoculation to 
Test tempera- temperature Visible Sporulation 
No. ture,°F.* (°F) flecks Primary Secondary 
l 54 50 21 30 
2 62 19-20 30 
3 72—>62 21 30 
l 54 60 10 16 
2 62 10 16 
3 72-962 10 16 
l 54 70 8 12 26 
3 72—>62 6-7 9 
4 62 8 11 
4 62 75 7 10 
1 54 80 6-7 12 21 
2 62 7 9 21 
3 72—>62 7-8 10 
4 62 7 9-10 
l 54 90 9 16 we 
2 62 rf ll 
3 72—p62 
l 54 Greenhouse 6-7 9 15> 
2 62 7 10 15> 
3 72—>62 6 8 
4 62 7 ll 





®Following inoculation, the plants were held in an infection chamber at 
indicated temperatures for 24-36 hr. 


>Tertiary sporulation occurred in 20-21 days. 


each constant-temperature incubation chamber in the first test, two in the 
second, four in the third, and three in the fourth. Observations were made 
almost every day. The results are summarized in table 2. 

The life-cycle, from infection to sporulation, is greatly accelerated as the 
development temperature increases from 50° to about 75° F. The pyra- 
miding effect of this acceleration would be difficult to determine, but a 


rough idea may be gained by calculating the possible increase on the as- 
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sumption of a 36-day cycle at 50° F. (6 days over the minimum period al- 
lowed for pustule development) and a 12-day cycle at 70° F. (3 days over 
the minimum), and assuming 80 new infections from the spores produced 
by each primary uredium. The latter figure is based on actual tests in 
which as many as 107 new infections were obtained by inoculation with a 
single harvest of spores from a single ripe primary uredium. Starting 
with a single infection at 50° F., then, 80 new infections could be initiated 
after 36 days and 6400 after 72 days. In contrast, at 70° F., six rather 
than two eyeles could be completed in 72 days with the potential initiation 
at that time of 262 billion new infections. Such an estimate may seem ex- 
travagant, yet it is based on the assumption of but a single harvest of spores 
from each primary uredium and wholly neglects the secondary uredia and 
the continuous production of spores over a long period from all uredia. 
From 50° to 70° F. the flecks remained circular, with sharp margins 


until sporulation, whereas at 80° and 90° F. the visibly invaded areas were 


00be4 





Fig. 1. Typieal snapdragon leaves from plants inoculated with urediospores, held 
24 hr. in infection chamber at 54° F., then placed in greenhouse or in constant-tempera 
ture chambers. Left to right: greenhouse, 60° F., 70° F., 80° F., 90° F. Photographed 
12 days after inoculation. Note luxuriant sporulation on greenhouse leaf, small circular 
flecks at 60° and 70° F., and larger, diffuse invaded areas at 80° F. 


irregular, somewhat fimbriate in appearance, and 2 to 3 times as large at the 
time of sporulation as those at 70° F. (Fig. 1). Also, although quantitative 
determinations were impossible, there were consistently fewer infections 
developing at 80° F. and far fewer at 90° F. than at the lower temperatures. 
Since the infection conditions were identical for all plants in each test, this 
is presumed to be due to the abortion of a proportion of the infections at 
the high development temperatures. 

Most striking was the fact that on the plants in the fluctuating tempera- 
ture of the greenhouse the rust development consistently appeared more 
vigorous, sporulation was definitely more luxuriant (Fig. 1), and _ see- 
ondary and tertiary uredia developed much more rapidly than on any of 
the plants incubated at constant temperature. However, these differences 


cannot, on the basis of these tests, be considered as consequences solely of 
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temperature relations, since the light intensity, day length, atmospheric 
conditions, ete., in the greenhouse and in the incubation chambers were 
vastly different. 

It is evident from these data and those of Butler (4) that the optimum 
for growth is considerably above the range most favorable for spore germi- 
nation and infection, the former being at least 70° to 75° F., the latter ap- 
parently in the range 50° to 55° F. Thus, the most rapid completion of 
the disease cycle would occur at a temperature some 15° to 20° F. above 
that most favorable for initiation of the cycle. Maximum epidemic condi- 
tions would not occur at any constant temperature, but rather with a flue- 
tuation between the two optima. 

The effect of temperature on disease development is clearly exhibited in 
coastal California where highly susceptible glasshouse types of snapdragon 
can be grown in the open during winter with only slight rust, but during 
summer even ‘‘resistant’’ garden varieties are severely damaged. The 72- 
year average temperatures at Los Angeles for the three coolest months (De- 
cember—February ) are: mean maximum 65.7° ; mean minimum 47.0° ; mean 
average 56.3° F. For the three warmest months (July-September) the 
figures are 81.3°, 60°, and 70.7° F., respectively. Since temperature and 
moisture conditions are favorable for infection in winter as well as summer, 
the seasonal incidence of rust there appears to be largely produced by the 
restrictive effect of low temperature on the growth rate of the fungus. 

Effect of moisture on rust development. Although we have found no 
critical studies of the effect of relative humidity on the germination of 
urediospores of snapdragon rust, it is generally conceded that condensa- 
tion, however slight, is needed for significant germination and infection. 
Yarwood (24) has shown that dry spores dusted on dry leaves may pro- 
duce abundant infection, but he notes (p. 938) that slight condensation 
usually could be detected on the leaf surfaces when the plants were re- 
moved from the infection chambers. 

The function of splashed water in the dissemination of rust spores in 
the greenhouse was indicated by Peltier (19). These tests, unfortunately, 
were not sufficiently critical to prove whether the splashed water was ac- 
tually the disseminating agent or merely provided moisture for the germi- 
nation of spores previously disseminated by air currents. The case for 
dissemination by splashing is rather well established, however, by the fact 
that water suspensions of spores are extremely effective in artificial inocula- 
tions. That spores also may be readily dispersed by air currents is evi- 
denced by the fact that the disease develops with epidemic severity in Calli- 
fornia in seasons wholly devoid of rain. Dispersal by air currents is, of 
course, typical of the urediospores of most rust fungi. 

The effect of relative humidity on spore production by this rust has not 
been studied experimentally. Low average relative humidity, as will be 
seen later, would definitely exert an indirect effect by hastening desiccation 
of the invaded areas, thus killing the uredia therein and reducing total 
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spore production. Whether or not urediospore production would be accel- 
erated under conditions of prolonged high relative humidity is not known. 

Field observations on the relationship between climate and rust develop- 
ment. The effect of climatic factors on the development of snapdragon 
rust may be well illustrated by certain results of cooperative fungicide 
tests? made during 1947 by workers at Los Angeles, California, Wooster, 
Ohio, Urbana, Illinois, Beltsville, Maryland, and Ithaca, New York. Plants 
of the variety Afterglow grown from the same seed lot were used at all 
stations. Equivalent amounts of infected-leaf inoculum were applied to 


TABLE 3.-- Summary of climatic characteristics and snapdragon rust 
infection indices in five localities for the period July 16 to September 5,in- 
clusive (52 days) 











Climatic characteristic Urbana Belts- Wooster Ithaca Los An- 
Ill, ville, Md. Ohio N27. geles, 
as Calif, 
Number of days with 50 2 + 3 4 6 
minimum tempera- 55 6 8 8 11 31 
ture at or below: 60 9 15 16 27 46 
65 16 33 29 40 $1 
70 35 52 50 51 $2 
Minimum tempera- 
ture recorded 489 F, 46°F. 45°F, 41°F, 48°F, 
Number of days with 80 48 46 45 29 28 
maximum tempera- 85 44 32 22 15 16 
ture at or above: 90 28 11 10 6 4 
95 ll 2 0 0 0 
Maximum tempera- 
ture recorded 99° F. 96°F, 93°F. 92°F. 92°F. 
Rainfall, total (inches) 3,0 6.4 10,2 9.6 0 
Rainfall, number of days 12 19 23 27 0 
Average rust infection index® 0 0 1,71 3.00 2.96 





®0 indicates healthy, or trace of infection; 1, light infection; 2, moder- 
ate infection; 3, severe infection, 


the plots of the four eastern stations about mid-July, while natural infec- 
tion was bolstered by infected-leaf inoculum in California. At the end of 
the season the rust index of each plant was recorded. 

The ratings of disease severity (Table 3) are consistent with what would 
be expected on the basis of the known temperature and moisture require- 
ments for snapdragon rust. The minimum temperature at Ithaca fell 
within the range (65° F. or less) permitting satisfactory germination and 
infection on at least 40 of the 52 nights between July 16 and September 5, 
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and within the ‘‘favorable range’’ (60° F. or less) on 27 of those nights. 
At Wooster, on the other hand, the minimum temperature was satisfactory 
on only 29 nights and within the ‘‘favorable range’’ on only 16. Further- 
more, the maximum temperature reached levels inimical to the pathogen far 
more frequently at Wooster than at Ithaca. While the total rainfall at 
Wooster was a little greater than at Ithaca, the number of rainy days was 
somewhat less. Perhaps more significant is the fact that at Wooster there 
were only 8 days of 0.1 inch or more rainfall when the temperature the 
following night fell to 65° F. or below, whereas at Ithaca there were 13 
such days. 

The climate at Beltsville during this period was even less favorable for 
the disease than that at Wooster, although conditions were almost equally 
favorable for infection. Thus, there were about the same number of days 
when the minimum temperature was satisfactory or in the ‘‘favorable 
range’’ at both stations, and there were 8 days of 0.1 inch or more of rain- 
fall when the minimum temperature fell to 65° F. or below at both places. 
However, at Beltsville there were a few more days with very high maximum 
temperatures, fewer days of measurable rainfall, and considerably less total 
rain. 

The frequency and the intensity of rainfall appear to be of considerable 
importance in the incidence of snapdragon rust under eastern conditions. 
Despite the fact that the urediospores may be wind-borne, the writers have 
observed at Ithaca a correlation between ‘‘waves’’ of infections and heavy 
rainfall 10 to 14 days previously, provided temperatures were favorable for 
infection. 

The climate at Urbana was wholly unfavorable for either infection or 
development. The temperature fell within the range favorable for spore 
germination and infection on only 9 of the 52 days, but rose to the range 
definitely inimical to the disease on 44 days. Furthermore, there was but 
one day of 0.1 inch of rainfall when the night temperature dropped to 65° 
or lower; and measurable rain fell on only 12 days, with a total of but 3 
inches. Thus, neither temperature nor precipitation was favorable for 
snapdragon rust development. 

The climate at Los Angeles was strikingly different from that of the 
eastern stations. While the maximum temperatures were similar to those 
at Ithaca, the minimum temperature fell within a satisfactory range for 
infection on 51 of the 52 days, and within the ‘‘favorable range’’ on 46 
days. The most striking difference was the total lack of rain. However, 
although the minimum relative humidity was below 50 per cent on 42 days, 
the maximum equalled or exceeded 90 per cent on 46 days, 94 per cent on 
32 days, and 98 per cent on 10 days. Under such conditions it is probable 
that, because of heat loss from radiation to the sky (see Curtis, 5), leaf tem- 
perature frequently would fall sufficiently below the air temperature to 
cause condensation. In the semiarid climate of Los Angeles, air-borne 
inoculum plays the dominant role, splashed inoculum being of minor im- 
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portance. It seems reasonable that the spores would be easily dislodged 
and dispersed by air currents during the very dry hours of the day, while 
germination would occur readily with the development of condensation dur- 
ing the night hours when the temperature is usually in the favorable range. 

Effect of climate on host injury. One of the most striking relationships 
between climate and snapdragon rust is shown by type of host injury, 
though this has received almost no attention in previously reported investi- 
gations. At least three different situations are encountered. Our observa- 
tions over a period of years have revealed that under conditions of low aver- 
age relative humidity (e.g., at Los Angeles during the summer months or 
in heated greenhouses anywhere during cold weather), host injury is due 
almost entirely to desiccation of the infected leaf tissues. Desiccation fre- 
quently may be observed at the center of the infected tissue by the time the 
second ring of secondary uredia develops, the desiccated area enlarging as 
the invaded area grows, until the entire leaf withers. Desiccation of in- 
feeted stem tissues apparently occurs much more slowly, and results in 
death of the affected branches only under extreme conditions. It is common 
under dry conditions for stems that are girdled for several inches by sporu- 
lating lesions to produce new, reasonably vigorous, and uninfected growth 
from the tips or even from axillary buds within the invaded area. Such 
plants may continue growth for weeks or even months, although infected 
basal leaves become desiccated and withered. This capacity for recovery 
makes possible the salvaging of severely rusted, valuable genetical material 
by repeated applications of zineb (zine ethylene bis dithiocarbamate) to 
protect new growth. 

A second situation develops under conditions of high average relative 
humidity in the absence of secondary invasion, when there is relatively little 
host injury from rust alone. Lesions may increase in number, enlarge, and 
coalesce until the lower leaf surfaces are almost completely covered with 
active uredia, yet there is little or no desiccation, the leaves remain turgid, 
and though becoming somewhat chlorotic, may continue to live for many 
weeks. Under these conditions plants may be severely rusted and still be 
of almost the same size and appearance as near-by uninfected (sprayed) 
checks, unless secondary parasites are present. 

A third situation results when facultative parasites are present and when 
high average relative humidity is accompanied by moderate to high tem- 
peratures and frequent rainfall or artificial splashing, or when other condi- 
tions favor secondary invaders. The rust lesions, under such conditions, 
may be rapidly invaded by secondary fungi which advance and quickly kill 
the leaves, branches, or entire plants (Fig. 2). This has been observed an- 
nually at Ithaca on the check plants of fungicide tests. The secondary 
fungi most commonly observed were species of Fusarium and Alternaria. 
The former were identified by W. C. Snyder as Fusarium roseum Lk. 
emend. Snyd. & Hans. and F. tricinctum Cda. emend. Snyd. & Hans. The 


ability of one or both of these Fusaria to infect through rust lesions and 
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invade healthy snapdragon tissues beyond the lesions, causing death of 
leaves and shoots, has been repeatedly demonstrated by inoculation of rust- 
infected plants with F. roseum and with mixed cultures of the two Fusaria 
(Fig. 3). Rust-free control plants similarly inoculated did not become 
infected, even when leaves were severely wounded. The Alternaria isolates 
have not been tested. 

Whether the snapdragon rust fungus plays merely a passive role in 
providing a break in the epidermis or a more active role has not been ade- 
quately studied, though our failure to obtain infection through wounded 
leaves suggests the latter. Certainly the rust fungus in the invaded lesions 
is quickly killed, whether from direct attack by the Fusarium, from lethal 
effect of toxins secreted by it, or simply from starvation due to rapid killing 
of the host cells by the Fusarium. 





Fig. 2. Typical leaves from unsprayed field plots (left) and Bordeaux-sprayed 
plots (right), Sept. 16, 1947. Note black lesions on unsprayed leaves caused by advance 
of secondary fungi (Fusarium sp.) into rust-free host tissues; also note lack of sporula- 
tion of younger uredia more recently invaded by the secondary fungi. Development of 
rust unaffected, but secondary invasion prevented on Bordeaux-sprayed leaves. 

As might be expected, the severity of Fusarium invasion is markedly 
decreased by low temperature. This was shown rather strikingly at Ithaca 
in the 1949 spray plots which were kept rust-free by Parzate spray until 
September 8, when treatments were discontinued. When examined the 
third week in November they were uniformly moderately infected with rust 
but almost wholly unaffected by Fusarium. Unsprayed check plants in ad- 
jacent or near-by plots had been rapidly invaded and killed by Fusarium 
during the summer months. The mean maximum temperature from July 
15 to September 15 had been 81.4°, the mean minimum 955.7°, and the aver- 
age 68.5° F.; the corresponding temperatures from September 16 to No- 
vember 15 were 62.9°, 40.8°, and 52.1° F. 
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The effect of temperature on the invasion of rust pustules by Fusarium 
roseum was studied experimentally under controlled-temperature condi- 
tions. Ten plants which had been inoculated with rust 22 days previously 
and on which the secondary ring of pustules had recently ruptured were 
sprayed with a water suspension of spores of F’. roseum. Two plants were 
placed under bell jars at each of the following temperatures: 50°, 60°, 70°, 
80°, and 90° KF. After 5 days the 80° and 90° plants showed complete inva- 
sion of nearly all of the rust pustules, with considerable advance beyond the 
limits of the rust. The 70° plants showed a very high incidence of invasion 


of the pustules, but with less advance into the surrounding tissues. Most 





Fie. 3. Left, plant with rust lesions on stem (arrows) atomized with water and 
placed under bell jar at 80° F. for 3 days, then placed on greenhouse bench; right, plant 
treated similarly but atomized with Fusarium roseum spore suspension. Photographed 
fourth day Note unaffected uredia on check plant; whitish Fusarium growth on uredia 

arrows nd wilting of the distal portions of the branches on inoculated plant. 


lesions in the 60° plants were invaded to the limits of the rust-affected 
areas, but with practically no advance beyond. In the 50° series there 
was definite invasion of the center of some of the pustules but in no case 
had it extended to the limits of the rusted area. It was obvious that ac- 
tivity of the Fusarium was greatly restricted at 50° F., but increased as 
the temperature rose to near 90° F. 

It is possible that other facultative parasites such as Botrytis cinerea 
might invade through the rust lesions in cooler weather. This has been ob- 
served frequently in cool coastal regions in California. Similar invasion of 
the aecial pustules of Puccinia asparagi on onions by Botrytis sp. and sub- 
sequent killing of the seed stalks has been reported by Walker (21 
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In addition to being restricted by adverse temperatures, invasion by sec- 
ondary parasites may be prevented by the use of fungicides that are effective 
against them, but not against the rust. In such cases, the plants react as 
in the second situation mentioned above: despite high temperature and 
splashed water, the heavily rusted leaves and stems remain turgid and 
reasonably vigorous as long as the spray program is continued. 

Invasion of rust pustules by Fusaria, particularly F. roseum, has been 
reported frequently and the subject has been reviewed by Wollenweber 
and Reinking (22), Arthur (2), Kirulis (13), and others. Facultative para- 
sitism of the host by the invading Fusarium has received little attention, 
however, although Stewart (20) briefly discussed and illustrated such a 
phenomenon following invasion of carnation rust (Uromyces caryophyl- 
linus) uredia by an unidentified Fusarium. 

Effect of climate on fungicidal control of rust. A number of interest- 
ing relationships between climate and the effectiveness of fungicidal sprays 
for snapdragon rust control became evident in an analysis of the results of 
the cooperative fungicide tests conducted in 1947 at Wooster, Los Angeles, 
and Ithaca. Snapdragons started from a single lot of seed of the variety 
Afterglow were set out according to a uniform randomized block plan at 
each station. There were four 15- to 25-plant replicates of each treatment. 
Infected-leaf inoculum from a single collection of material was applied to 
the plots at Wooster and Ithaca in mid-July, while natural infection was 
bolstered by infected-leaf inoculum at Los Angeles. Fungicides were ap- 
plied with high-pressure equipment on a weekly schedule at Los Angeles 
and Ithaca, and on a 10-day schedule at Wooster. Observations were made 
periodically and at the end of the season each plant was rated for severity 
of rust infection. The results of these tests, which have been briefly re- 
ported elsewhere (6), are summarized in table 4. Included also are results 
taken from similar tests at Ithaca in 1949. 

In the Los Angeles and Ithaca plots, which had a high disease potential, 
parallel results were obtained with all spray materials. At Wooster, how- 
ever, where the disease potential was moderate to low, Fermate and Bor- 
deaux, which at the other stations gave only fair and extremely poor con- 
trol respectively, gave excellent results. Yet lime-sulfur and wettable sulfur 
gave approximately the same degree of control, relative to the checks, at all 
stations. These results are believed to be completely reliable inasmuch as 
there was good consistency among replicates at all stations, the fungicides 
were all supplied from uniform batches, and equal amounts of inoculum 
from a single source were applied at Ithaca and Wooster. We can offer no 
definite explanation of these results and presume to do no more than sug- 
gest possibilities. We do not feel that the explanation lies merely in dif- 
ferences in initial inoculum potential, since almost identical amounts of 
inoculum were applied to the Wooster and Ithaca plots. Furthermore, 
because of similar amounts of rain (Table 3), the degree of washing is 


eliminated as an explanation. 
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[t seems more likely that the explanation is to be found in one or more 
of the climatie factors which affect disease potential. Brooks (3), Dimond 
et al. (7), and MeClellan (17) have shown that at temperatures above or 
below the optimum for germination, fungus spores are more susceptible to 
fungicides. The temperature was very high far more frequently (Table 
3), and within the range favorable for germination (60° F. or less much 
less frequently, at Wooster than at either Los Angeles or Ithaca. While 
this might explain the better performance of Fermate and Bordeaux at 
Wooster, it would leave a question as to why lime-sulfur and wettable sulfur 
were not similarly improved, particularly in view of the evidence presented 
by Butler (4) and Yarwood (25) indicating better performance of sulfur 
at high temperatures. We can only suggest the possibility that with the 


lime-sulfur and wettable sulfur sprays some other factor (e.g., concentration 


TABLE 4,-- Summary of results of field tests of fungicides for snap- 
dragon rust control at Wooster, Ohio, and Los Angeles, California, in 1947 
and at Ithaca, New York, in 1947 and 1949 








Average rust rating® 
1947 1949 


Treatment 
Ohio California New York New York 











ROWS vodenca ied apiaess ar eraier feaprte ove 2.96 3,00 a0 
Parzate,® 2 lb./100 gal. ............ 0.00 0.58 0.35 0.2° 
Rosin lime-sulfur, 2 per cent .... 0.64 0.93 0 .82 mone 
Fermate,® 2 Ib./100 gal. ........... 0.03 1,52 1.00 1,0¢ 
Wettable sulfur, 3 lb./100 gal. .... 1.37 2.42 1.86 
Bordeaux, 8/8/100 ..............0000 0.17 2.45 2.97 me 
NS STP a ee 2.9 





®8Individual plants rated as follows; 0, healthy, or trace of infection; |, 
light infection; 2, moderate infection; 3, severe infection, 
0 to 4 scale used in 1949. 
CParzate and Fermate used at 1} 1b./100 gal. in 1949, 
Zinc ethylene bis dithiocarbamate, 
€Ferric dimethyl dithiocarbamate. 
Copper-8-quinolinolate, 
of toxicant) was already limiting. Whatever the explanations, the results 
emphasize the significant role of climatic factors in fungicidal action. It is 
unfortunate that, with the volume of work being done on fungicides, appar- 
ently very little attention is accorded this important phase of the problem. 
The consistently mediocre to poor performance of wettable sulfur deserves 
comment in view of the fact that sulfur is so generally recommended for 
control of rusts on ornamentals. 

Of unusual interest were the Bordeaux plots at Los Angeles and Ithaca. 
There was no control of rust with this fungicide at either location (Table 4), 
but under the semiarid conditions at Los Angeles the invaded tissues became 
desiccated and by the end of the season the plants presented a very poor 
appearance. In contrast, the Bordeaux-sprayed plants under the humid 


conditions at Ithaca, although very heavily rusted, showed no desiccation, 























1951 | Dimock AND BaKER: CLIMATE AND DISEASE 549 


bloomed profusely, and from a moderate distance appeared almost as vigor- 
ous as the rust-free, Parzate-sprayed plants. A nearly identical picture 
was presented by the plants sprayed with Bioquin 1 at Ithaca in 1949. Both 
these materials, though failing to control rust, controlled secondary infec- 
tion by Fusarium, which otherwise would have invaded through the rust 
lesions and killed the plants. Invasion by such fungi was similarly pre- 
vented in the Fermate plots, but not in the wettable sulfur plots. Chemical 
injury obscured the picture in the rosin lime-sulfur plots. 


DISCUSSION 


A number of the relationships between climatic factors and disease de- 
velopment, host injury, and fungicidal control presented in this paper may 
have rather general application. The wide difference here observed between 
the optima for spore germination and infection on the one hand and the 
subsequent development of the disease on the other emphasize the fallacy 
of the frequent assumption that the optimum temperature for spore ger- 
mination, growth of the pathogen in the culture, or infection is also the 
optimum for disease development. In the present instance it is clearly 
impossible to designate any single temperature as the optimum for epidemic 
development of snapdragon rust. Maximum intensification of the disease 
could be realized only by some undetermined pattern of temperature flue- 
tuation between the optima for infection and development. In nature this 
condition is probably closely approximated by the climate which prevails 
in certain regions of California where the disease is indigenous. 

These studies also provide an explanation for the statements of Peltier 
(19) and Moore (18) that snapdragon rust becomes a problem only in 
‘‘warm’’ seasons, statements not in line with the popular conception of this 
rust as a cool-weather disease. We have shown, however, that the most 
rapid completion of the life-cycle, and hence the most rapid intensification 
of the disease. can occur only during ‘‘warm’’ weather. 

On the basis of the data presented in this paper, it is possible to indicate 
approximately the climatic characteristics of an area or season in which 
snapdragon rust will be either severe or unimportant. If the temperatures 
usually remain at 45°-65° F. (preferably in the 50°-55° F. range) at times 
when plants are wet with rain, fog, or dew for 6-8 hr., infection by air- or 
water-borne urediospores is assured. If, in addition, the day temperatures 
reach 70°-75° F., but do not often exceed 80°—90° F., the development and 
sporulation of the fungus is rapid, a full cycle being completed about every 
12 days. An area or season in which these conditions commonly occur has 
the climatic elements for an epidemic. The Pacific Coast, particularly 
coastal California, exemplifies this situation, but there probably are many 
other areas (e.g., Ithaca, New York) in the United States with conditions 
favorable for such epidemics. Still other areas may have such high tem- 
peratures as to preclude either infection or sporulation, or both, and in 


’ 


rity 


UIttybiswilt 


sre 


bb ii id b4 tte 


sPeiwt itive at 


Vi 











550 PHYTOPATHOLOGY | Vou. 41 


these places rust is unimportant save on winter glasshouse crops. This 
situation, exemplified by Urbana, Illinois and Beltsville, Maryland, prob- 
ably occurs in much of the Mississippi Valley, the Atlantic coastal plain, 
and the South. 

The completely different expressions of host injury associated with 
snapdragon rust under various climatic complexes are of exceptional in- 
terest. At least three situations were observed: 1) desiccation of invaded 
tissues when conditions of low relative humidity favored rapid water loss; 
2) a relatively innocuous host-parasite interaction under conditions of high 
relative humidity when facultative parasites capable of invading through 
the rust pustules were either absent or controlled by selective fungicides, 
unfavorable temperatures, or other means; and 3) rapid invasion of the 
rust pustules by facultative parasites which then entered the healthy host 
tissues, resulting in death of leaves, stems, or plants under conditions of 
high humidity, splashed water, and temperatures favorable for the see- 
ondary fungi. We thus see that while under some conditions the primary 
pathogen may be the direct cause of extensive host damage, under other 
conditions it may be relatively noninjurious, yet pave the way for an other- 
Wise innocuous organism to invade and destroy the host. Without knowl- 
edge of these fundamental interactions, field observations on rust damage 
easily may be misinterpreted. Peltier (19) and Butler (4), for example, 
implied that in their experiments death of plants was due directly to the 
parasitic activities of the rust fungus. Our observations lead us to believe 
that in these regions (Illinois and New Hampshire) death of the plants 
would be unlikely except after invasion by secondary fungi. 

The observations here reviewed on the relationship between climatic 
factors and fungicidal performance may in part explain some of the re 
ported inconsistencies in fungicidal control of snapdragon rust. In British 
Columbia (11)* and in England (12), for example, good control has been 
reported with Bordeaux mixture, poor control with sulfur fungicides; 
whereas in the United States (4,8), Egypt (10), Bulgaria (1), and Poland 
(14), opposite results have been obtained. As regards Bordeaux mixture, 
our studies indicate that with average maximum temperatures favorable 
for good rust development, and with other factors favoring a high disease 
potential, Bordeaux is ineffective ; but with average maximum temperatures 
above the favorable range or with other conditions unfavorable for rust de- 
velopment, the same Bordeaux formulation is effective. Furthermore, we 
have shown that under semiarid conditions Bordeaux mixture fails to con- 
trol either rust or the ensuing damage from desiccation, whereas under 
humid and rainy conditions, although rust is not controlled, serious plant 
damage is prevented because invasion by secondary fungi is controlled. 


Thus, if the appraisal of fungicidal performance were based on gross ap- 


In a recent report (Canad. Pl. Dis. Survey Ann. Rept. 28: 104. 1949), it was 


noted that snapdragon rust caused considerable damage to seed plants at Elk Lake, B. C., 
during the 1948 season despite consistent spraying with Bordeaux mixture. 
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pearance of the plants, Bordeaux would be rated effective under the latter 
conditions but not under the former. This also would be true of Bioquin 1. 
Similar relationships might be found with other fungicides if similarly 
studied. 


SUMMARY 


Studies reported in this paper have shown that the optimum tempera- 
ture for completion of the life-cycle of the snapdragon-rust fungus (Puc- 
cinia antirrhini) is in the range 70° to 75° F., whereas the optimum for 
urediospore germination and infection is in the range 50° to 55° F. Ineu- 
bation at 80° F. resulted in the abortion of a considerable proportion of the 
infections, 24 to 36 hr. old, previously established at lower temperatures, 
and only a few such infections survived ineubation at 90° F. Urediospores 
were killed in situ by prolonged exposure to temperatures at or above 95° F. 

Excellent correlation was found between the intensity of rust in experi- 
mental plots at Beltsville, Maryland, Urbana, Illinois, Wooster, Ohio, Los 
Angeles, California, and Ithaca, New York, and that which would be ex- 
pected on the basis of temperature and moisture records. At the first three 
locations rust development was prevented or greatly restricted by high tem- 
perature or insufficient moisture or both, whereas at the last two locations 
temperature and moisture were more favorable and severe rust developed. 

Under semiarid conditions host injury resulted almost exclusively from 
desiccation of the rust-invaded tissues. Under conditions of high average 
relative humidity and frequent rainfall, injury was due primarily to the 
action of facultative parasites (principally Fusarium spp.) which invaded 
through the rust pustules, destroyed the rust, and advanced into previously 
healthy host tissues, killing leaves and stems. When, under such condi- 
tions, invasion by secondary fungi was restricted (by their absence, lack of 
dissemination, the use of selective fungicides, or the prevalence of unfavor- 
able low temperatures), there was relatively little host injury even with a 
high incidence of rust infection. 

Ferbam (Fermate) sprays gave only moderate control of snapdragon 
rust, and Bordeaux mixture gave no evident control at Los Angeles and 
Ithaca, where climatic conditions favored epidemic development of the 
disease. However, both materials gave excellent control at Wooster, where 
disease development remained moderate because of unfavorably high tem- 
peratures. Zineb (Parzate) gave excellent control, rosin lime-sulfur good 
control, and wettable sulfur poor control at all locations. Bordeaux mix- 
ture and copper-8-quinolinolate (Bioquin 1), though failing to control rust 
at Ithaca, gave excellent control of secondary fungi (principally Fusarium 
roseum and F. tricinctum), which invaded through the rust pustules on 
unsprayed checks, killing the leaves, stems, and entire plants. Under semi- 
arid conditions at Los Angeles the Bordeaux-sprayed plants were severely 


damaged by desiccation of the rust-invaded tissues, whereas under humid 
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conditions at Ithaca the Bordeaux- and Bioquin 1-sprayed plants remained 


relatively normal in appearance and bloomed profusely. 
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INFECTION STUDIES WITH DRIED GRAIN INOCULUM 
OF SCLEROTINIA TRIFOLIORUM? 
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During the past several years, large quantities of inoculum of the crown 
rot fungus, Sclerotinia trifoliorum Erikss., have been required at the U.S. 
Regional Pasture Laboratory for field and greenhouse tests on the disease 
resistance of red and Ladino clovers. A survey of the available literature 
revealed several methods of inoculating plants to obtain artificial infection : 
with ascospores, with sclerotial fragments, and with mycelial suspensions of 
the fungus. 

According to Valleau et al. (14), ascospores are an important source of 
infection in the field. Coleman (2), Lissitzina (9), Rehm (12), and Rudorf 
(13) infected plants artificially with ascospores. Keay (5) buried sclerotia 
around plants and obtained infection from ascospores liberated from the 
apothecia that developed ; however, she was unable to infect clover by spray- 
ing the leaves with an aqueous suspension of ascospores. Nicolaisen et al. 
(10) brushed ascospore suspensions on leaves of plants and obtained infee- 
tion spots, but the disease failed to develop further. 

Sclerotia and vegetative mycelium were also used by some investigators. 
Keay (5) buried entire sclerotia and sclerotial fragments in sand around 
plants, but failed to obtain infection. Rudorf (13) pulverized sclerotia 
produced in artificial culture and atomized aqueous suspensions of the 
‘*selerotium flour’’ onto foliage of test plants. Under favorable conditions 
he obtained infection in 3-6 weeks. Nicolaisen et al. (10) devised inde- 
pendently a method similar to Rudorf’s in which they employed dried, pul- 
verized sclerotia. Although infection occurred, these workers considered 
the method unreliable because sclerotia obtained from various sources dif- 
fered in viability. They preferred to grow mycelium of the fungus on a 
malt-clover extract for 8-12 days, then to disintegrate the mycelial mat by 
shaking it with glass beads. The mycelial suspension so obtained was atom- 
ized onto foliage of test plants, which were infected severely in 6-8 weeks. 
Bjorling (1) used Rudorf’s ‘‘sclerotium flour’? method successfully, but 
Frandsen (4), after preliminary tests with pulverized sclerotia, employed a 
modification of the mycelial suspension method (10). Pape (11) secured 
good field infection from inoculum prepared by growing the organism on a 
mixture of 2 parts wheat and 1 part oats, scattering the infected grain over 
plots of test plants. Cormack (3) grew cultures of Sclerotinia spp. on an 

1 Contribution No. 99 of the U. S. Regional Pasture Research Laboratory, Division of 
Forage Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineer- 
ing, Agricultural Research Administration, U. S. Department of Agriculture, State Col 


lege, Pa., in cooperation with the Northeastern States. 
2 Pathologist. 
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oat-hull medium and placed this inoculum in contact with roots and crowns 
of plants in the field. Good infection .resulted.* 

Stolons of Ladino clover naturally infected in the field were frequently 
attacked by S. trifoliorum at the nodes, internodes, and terminal bud (6). 
Mycelium was occasionally seen spreading over the surface of the soil from 
diseased stolons. During the late fall and early winter of 1946, numerous 
apothecia were found among spaced plants of Ladino clover. Although leaf 
spotting similar to that described by Valleau et al. (14) was observed, there 
was no indication that the leaf infection spread to the stolons before winter. 
In early spring, infection seemed to spread from infected stolons to adjacent 
healthy ones either through the soil or through detritus on the surface. 
This suggested that most effective artificial inoculation of Ladino clover, at 
least, would probably result if the inoculum was placed directly in contact 


with the stolons or crowns of plants to be tested. 


MATERIALS AND METHODS 


Inoculum consisted of pooled cultures from a number of pathogenic 
monoascospore isolates of S. trifoliorum. Although sclerotia and agar cul- 
tures were employed as inoculum in some experiments, the most extensive 
tests were with an inoculum prepared by modifying Pape’s grain culture 
method (8 A mixture of 2 parts wheat and 1 part oats was distributed 
in 100 ce. portions into 250-ml. Erlenmeyer flasks. These proportions were 
selected after other tests had demonstrated that the organism spread uni- 


formly and most rapidly through small quantities of grain. Distilled water 
was then added at intervals to keep the grain submerged. After 2 hr., the 
water level in the flasks of soaked grain usually remained constant and the 
flasks were plugged with cotton and sterilized 1 hr. at 15 lb. pressure. The 
grain medium was then inoculated, preferably within 1 day after autoclav- 
ing to avoid excessive drying, and the grain cultures were incubated 21 days 
at 15° C 

The grain inoculum for greenhouse tests was applied either moist or dry 
to the crowns or stolons of individual plants or at the base of plants in a row. 
[t was kept moist by occasional sprinkling with water. In the field, inoeu- 
lum was broadeast in plots or was applied directly to the crowns of spaced 
plants. 

Most of the tests here described were conducted in a greenhouse bench 
moist chamber (7) during the winter when the temperature could be regu- 
lated between 15° and 20° C. A few tests were in a constant temperature 
room at 15° C. where the plants received light from 150-watt Mazda lamps 
12 hr. each day. Unless stated otherwise, the greenhouse test plants were 
red and Ladino clover seedlings or older plants growing either individually 

Shortly after this manuscript was submitted for publication the following paper, 
describing a similar technique for preparing inoculum of Sclerotinia trifoliorum, came to 
the author’s attention: Carr, A. J. H., and D. L. G. Davies. <A technique for the selection 


of red clover seedlings resistant to the clover rot fungus, Sclerotinia trifoliorum Eriksson. 
Nature 165: 1023. 1950. 
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in 3-in. pots or space-planted in flats of steamed soil. Each sample of inocu- 
lum was usually tested on 6-12 plants. 

Field inoculations were done in November or early December during a 
light, steady rain. 


INFECTION STUDIES 


Agar cultures. In preliminary tests, seedlings of Ladino clover were 
grown in flats of steamed soil until they had formed a solid cover, then in- 
oculated by means of pieces of agar cultures scattered on the soil among 
them. This method proved unsatisfactory because infection was not uni- 
form and the agar was quickly overgrown by contaminants. 

Sclerotia. A modification of Rudorf’s method (13) was tested. Cul- 
tures of the organism were grown on crumbled bread which was moistened 
with distilled water and autoclaved in 250-ml. flasks for 30 min. at 15 Ib. 
pressure. The fungus grew luxuriantly and in 3-4 weeks produced abun- 
dant sclerotia, which could be separated from the mycelial mat, washed in 
tap water, dried, and stored at 5° C. Selerotia from a number of isolates 
were ground through the ‘‘medium’’ disk of a household food chopper. The 
sclerotial fragments were then screened on sieves of 14, 20, 40, and 80 mesh. 
After 1 heaping teaspoonful of inoculum of each sample was distributed 
over the crowns or stolons of red and Ladino clover and moistened, the 
plants were incubated at 15° C. In a parallel test, seedlings of Ladino 
clover were inoculated with sclerotial fragments retained by a 14-mesh 
screen and incubated at 0°-1°, 10°, 16°, 21°, and 27° C. Although some 
of the tests were repeated several times, no infection was obtained from frag- 
ments of sclerotia. Despite favorable moisture and temperature relation- 
ships, mycelium failed to grow from the sclerotial fragments. 

Moist grain inoculum. Cultures of S. trifoliorum that had grown on 
grain for 21 days at 15° C. were removed from the flasks and crumbled be- 
fore inoculating test plants. A considerable quantity of moist, infected 
grain was also used to inoculate plots and spaced plants in the field. Excel- 
lent infection was usually obtained by this method. When favorable tem- 
perature and moisture relationships were provided the fungus usually at- 
tacked plants within 24-72 hr. In the greenhouse, susceptible plants were 
killed in 5-15 days. In the field the infection was less rapid, but plants or 
areas inoculated usually showed conspicuous evidence of infection the fol- 
lowing spring. 

Although good infection was obtained, this method had several short- 
comings: 1) the moist grain inoculum had to be used within a short time 
after it was removed from the flask; 2) it was frequently difficult to time 
preparation of inoculum with proper stage of plant growth in the green- 
house and with a period when optimum conditions for infection prevailed 
in the field; 3) although fairly uniform infection was obtained, fresh grain 
inoculum tended to lump and was difficult to apply evenly to individual 
seedlings. In order to avoid these difficulties tests were conducted with 
dried, infected grain. 
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Dried grain inoculum. For these studies, the grain inoculum was placed 
on a single thickness of cheesecloth in sereen-bottomed trays and dried by 
blowing air through it with a fan at room temperature (20°-22° C.).  Dry- 
ing in an oven at 35° C. was unsatisfactory because it reduced the viability 
and potency of the inoculum. Within several days the grain inoculum was 
dry enough for grinding. 

In preliminary tests on clover plants the crumbled, dried, whole-grain 
inoculum was virulent. To determine whether fineness of pulverization af- 
feeted viability and pathogenicity, the dried grain inoculum was ground and 
screened in different ways as follows: 1) through the ‘‘coarse’’ disk of a 
household food chopper, then screened in sieves of 14, 20, 40, and 80 mesh; 
2) through the ‘‘medium”’ disk of a food chopper; 3) three times through a 
Wiley mill without screens; 4) through a Wiley mill with a 20-mesh screen. 
For both tests, plants were inoculated with uniform quantities of infected 
grain of each degree of pulverization. 

Inoculum retained by a 14-mesh sereen was most virulent; that retained 
by 20- and 40-mesh screens was less virulent; and inoculum retained or 
passed by an &80-mesh screen was nonpathogenic. Similarly, inoculum 
ground through the ‘‘cvarse’’ disk of a food chopper was most pathogenic ; 
less infection was obtained from inoculum ground with the ‘‘medium’’ disk 
or run three times through a Wiley mill without screens. Only slight infee- 
tion was obtained from inoculum run through the Wiley mill with a 20-mesh 
sereen. This demonstrated that amount of pulverization affected viability 
and pathogenicity of dried grain inoculum. 

Since grinding inoculum with a hand-operated food chopper was slow 
and tedious, a hammermill was employed to pulverize the large quantities of 
inoculum required for field and greenhouse tests. Trial showed that a 4-in. 
sereen in the mill provided approximately the correct amount of pulveri- 
zation. 


STORAGE OF INOCULUM 


Between March 1947 and December 1949 many batches of grain infected 
with S. trifoliorum were prepared. After the drying and grinding, a 
sample (400-800 ce.) was collected from each batch of inoculum and stored 
in an open metal can at 0°-5° C. At intervals, viability and pathogenicity 
of the aging samples were determined. Only the results of the last test are 
tabulated (Table 1). In this test, 12 plants of Kenland red clover were 
inoculated with each sample of inoculum. The dried grain inoculum of 8S. 
trifoliorum prepared and stored in this manner was viable and virulent for 
more than 24 months. Normally a supply of inoculum would seldom be 
stored longer than 8-12 months and at the low temperature it would retain 
a potency comparable to that of freshly prepared inoculum. The variation 
between samples may have been due to differences in environmental condi- 
tions when the grain cultures were being prepared. This variation is 


largely eliminated when many batches are bulked into a common lot. 
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TABLE 1.-- Viability and pathogenicity of Sclerotinia trifoliorum 
prepared as dried grain inoculum and stored for different periods at 
0°- 5°C, 





lee 





Age of inoculum Number of plants in each infection class 
(months) Dead Severe Moderate Slight Healthy 
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DISCUSSION 


The use of dried grain inoculum of S. trifoliorum has helped overcome 
some of the limitations of earlier described methods. Although infection 
with ascospores would probably simulate natural infection in the field dur- 
ing fall and early winter, it is difficult to secure adequate numbers of spores 
in the laboratory for large-scale plant inoculations. These objections would 
not apply to the sclerotium flour, mycelial suspension, or infected grain 
inocula which can be prepared with ease and in large quantities. However, 
in techniques involving the application to the foliage of inocula such as 
ascospores, sclerotium flour, or mycelial suspensions, a longer period, usu- 
ally 3-8 weeks, is required to obtain reliable information concerning relative 
resistance or susceptibility of plants being tested, since the fungus must 
grow downward through the petiole in order to attack the crown. After 
inoculation with infected grain, infection usually appears within 10-15 days 
because the crowns or stolons are attacked directly. This advantage is ques- 
tioned by some workers, who maintain the infected grain method kills plants 
too rapidly, largely by girdling the petioles so that potentially resistant as 
well as susceptible plants succumb to attack. Less severe infection, on the 
other hand, permits many plants to escape, so that tests must be repeated 
more often in order to eliminate escapes and to isolate resistant plants. 
This not only is time-consuming, but requires additional space and mate- 
rials. An additional advantage of dried grain inoculum is that large quan- 
ties can be prepared during the summer months and pooled to provide a 
uniform supply of inoculum for later infection studies. Such inoculum is 
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available at a moment’s notice and can be applied to test plants at the cor- 
rect stage for inoculation or when optimum environmental conditions pre- 
vail. This method of inoculation also yields rather uniform infection since 
measured quantities of infective material can be applied either to individual 
plants or to areas in the field. 
SUMMARY 

Red and Ladino clovers were inoculated in different ways with Sclero- 
tinia trifoliorum. Inoculum prepared from pulverized sclerotia or from 
bits of agar scattered among seedlings proved unsatisfactory. Plants inocu- 
lated with cultures grown on grain were severely infected. Drying and 
coarse grinding did not reduce the viability or pathogenicity of the grain 
inoculum. The dried grain inoculum was stored at 0°-5° C. for more than 
24 months with no appreciable reduction in pathogenicity. 

U.S. REGIONAL PASTURE RESEARCH LABORATORY 

STATE COLLEGE, PENNSYLVANIA 
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REPORT AND ABSTRACTS OF THE EIGHTH ANNUAL 
MEETING OF THE POTOMAC DIVISION OF THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY 


The eighth annual meeting of the Potomac Division of The American Phyto- 
pathological Society was held in the Plant Industry Station Auditorium, Beltsville, 
Maryland, February 27 and 28, 1951. Approximately 75 members attended the sessions, 
representing the District of Columbia, Delaware, Maryland, Pennsylvania, South Caro- 
lina, and Virginia. Forty formal papers were presented. The annual banquet was held 
in the University of Maryland Dining Hall at College Park, Maryland. Following the 
banquet, an illustrated address was given by Dr. Lee M. Hutchins on ‘‘A pathologist’s 
summer in European forests.’’ 

The following officers were elected to serve during the 1952 meeting: President, 8. P. 
DooLITtLE; Vice President, J. B. DEMAREE; Seecretary-Treasurer, H. Rex THOMAS; 
Councilor, C. FE. Cox. 

J. B. DEMAREE, Secretary-Treasurer 


ABSTRACTS OF PAPERS PRESENTED AT THE MEETING 
Reactions of Peach Seedlings to Nematode Infections. CuHITwoop, G. B., A. W. 
Specut, AND A. L. Havis... Seedlings of three peach rootstock varieties were inoculated 
with the root-knot nematode, Meloidogyne javanica, using 10, 100, or 370 egg-masses 
per pot. After 344 months, variety S-37 was most resistant, with little nematode re- 


production. Root and top weights increased with moderate inoculum, but decreased 
with largest amount. Yunnan was least resistant, with considerable nematode repro- 
duction and a highly significant increase in top growth with moderate inoculum. Top 


and root weights decreased with maximum inoculum. Red Shadow supported a moderate 
reproduction of nematodes, and maximum inoculum caused major reduction in top and 
root weights. Leaves of Red Shadow and Yunnan showed chlorosis, decrease in Mg and 
Fe, and increase in K and Ca with increase in inoculum. Seedlings of three varieties 
were inoculated with about 140 or 480 egg-masses of M. incognita or M. javanica and 
grown for 64% months. S-37 was resistant to both species, with no significant injury. 
The proportions of Mg, K, and Ca in the leaves increased with inoculum. Yunnan 
showed growth stimulation with M. incognita and was resistant; all inoculations caused 
an increase of K in leaves, with a tendency toward a decrease in Mg. Lovell was re 
sistant to neither species, but showed stimulation with minimum M. javanica. Again, K 
increased with increasing inoculum of both species, whereas Mg and Ca tended to de 
crease. Reduction in root weight in Lovell and Yunnan was associated with marked 
reduction in Mg and Ca. This occurred in Lovell with maximum inoculum of M. incog 
nita and M. javanica, and in Yunnan with the maximum inoculum of M. javanica. 


Virus Yellows of Sugar Beets and Tests for Its Occurrence in the United States. 
Coons, G. H., AND J. E. Korina. In 1949, and again in 1950, sugar-beet plants with 
yellowed foliage, believed in some respects to resemble those affected with virus yellows 
as found in Europe, were collected from fields in Michigan, Ohio, and Colorado. In late 
fall after a brief storage period the plants were put into pots and grown in the green- 
house at Beltsville, Maryland. Serological tests for the presence of virus yellows were 
made with juices from fully grown leaves of these plants, using anti-yellows serum ob 
tained through the courtesy of the Instituut voor Rationeele Suikerproductie, Bergen-op- 
Zoom, The Netherlands. Dr. Henk Rietberg, Director of the Instituut, during his visits 
to the United States personally supervised the tests in January 1950 and in early 
February of 1951. No positive serological reactions were obtained in tests with 33 
plants from the 1949 crop, but in recent tests with suspected plants from the 1950 crop, 
two plants collected at Cone, Michigan, have repeatedly given positive reactions against 
the anti-yellows serum obtained from the Bergen-op-Zoom laboratory. These plants 
are characterized by veinclearing and thickened lower leaves. One plant was pronounced 
by Dr. Rietberg to be not at all dissimilar in appearance to plants affected with the vein- 
clearing type of virus yellows recently recognized in Holland as part of the virus-yellows 
complex. In European laboratories a positive reaction against the anti-yellows serum 
is considered conclusive of the presence of the virus, but we believe it desirable to obtain 
additional evidence from aphid transmissions before making a positive statement on 
the occurrence of virus yellows in the United States. Clones from suspected plants are 
being sent for study to our cooperator in The Netherlands. 
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{ Fusarium Bud Rot of Chrysanthemums. Cox, C. E., and C. E. LEwis. On three 
oceasions during the past two years, a bud rot of chrysanthemums has been observed in 
greenhouses in Maryland. Description of such a disease has not been found in the 
literature. Usually only a few of the buds on a plant have been infected. Peduneles 
of infected buds failed to elongate normally and infected buds did not open. They were 
aller and darker in color than healthy buds and became blackened and rotted internally. 
\ ecottony fungus mycelium developed on the surface of the buds, often extending a few 
mm, downward on the peduncles. Pinkish-orange masses of macroconidia of a Fusarium 


occurred on some of the buds. These conidia were typically four- or five-septate, 53-58 
u long and 5-6 yw wide. Pure cultures of a species of Fusarium were isolated from 
liseased tissues. When healthy buds were inoculated with this fungus and kept under 
e] rs in the laboratory, symptoms of the disease developed after 3-9 days. This 
bud rot has not caused appreciable economic loss, only a few plants with diseased buds 
having been found at any one time. 
( trol and Overwintering Studies on Pyracantha Scab Disease, Fusicladium pirinum 
ar. Pyracanthae, in Delaware. Cox, R. 8S. As the causal fungus was readily isolated 
ym attached leaves of Pyracantha coccinea throughout the winter of 1949-1950, and 
as initial scab lesions in the spring of 1950 occurred predominantly on attached leaves 
bearing lesions formed the preceding year, it is suggested that infected attached leaves 
ire an important means of overwintering of the pathogen and a subsequent source of 
rimary spring inoculum. The fact that the perfect stage (Venturia pirina) was not 
found on attached or fallen leaves suggests that the organism survives the winter only 
in the vegetative stage. In sprayed plots (10 applications: April 20-August 28, 1950 
the percentage of leaf (June 13) and fruit (Sept. 15) infections, respectively, were: 
check, 52, 100; Bordeaux mixture (4-4-100), 0, 1; Agricultural Puratized, phenyl mereuri 
iethanol ammonium lactate (1 pt.-100), 0, 2; Fermate, ferric dimethyl dithiocarbamate 
9.10 2. 34% Liquid lime-sulfur (6 qt.-100), 4, 80; Phygon XL, 2,3-dichloro-1,4 
naphthoquinone $-100), 4, 99; Magnetic 70, paste sulfur (7-100), 25, 100. Practically 
100 per cent of the fruit in the check plot had abscised by August from seab infections. 
Bordeaux caused severe defoliation and shriveled, unsightly fruit. Puratized inhibited 
normal fruit coloration but caused no apparent foliage injury. 
_ 
. I Knot Nematode Control on Cantaloupes. CRITTENDEN, H. W. The following 
, points have been noted in data from field experiments in Delaware. (1) Based on root 
ot ratings and yield of fruit, Iscobrome D (23 per cent ethylene dibromide) at 29 
gal./aer | D-D (dichloropropene-dichloropropane mixture) at 21 gal./acre, applied as 
soil ft tments in the fall, were equally as effective in control. (2) Spring treatment 
vith D-D (21 gal./aere), as compared to fall treatment, lowered the yield of the Hale’s 
Best riety 3) Under conditions of severe nematode infection in untreated plots, 
the Hale’s Best variety produced higher yields than the Schoon’s Hardshell variety, 
ven though the degree of root-knot infection was similar on both varieties. (4) Yield 
of the Hale’s Best variety was higher in plots planted to Crotalaria spectabilis the previ- 
~~ ous year than in plots fall-treated with fumigants, even though control of root knot was 


mueh better in the fumigated plots. 


1 Det oration Problem in Beetle-Killed Spruce in Colorado. DAvipson, Ross W. 
In 1939 t Engelmann spruce bark beetle multiplied in a blown-down area on the western 
edge of the White River National Forest in Colorado. The beetles, with their staining 
fungus associate (Leptographium sp.), continued to build up year after year and moved 
eastward, killing most of the Engelmann spruce (Picea engelmanni) trees until most 


of the White River area had been devastated. Examination in a 1950 logging area in 
the oldest killed timber showed that decay was present at stump height in more than 50 
per cent of the dead trees but, as previously reported by Mielke, not in the upper trunks. 


The decay extended up from the bases of the trunks in vertical streaks to a height of 
2-3 ft. Moisture content of tie decay streaks was 60-100 per cent, whereas the sound 
1d of the same stumps contained only 12-20 per cent moisture. In an eastern area 


f the forest where the trees had been dead only a few years there was no advanced decay 
but vertical wet streaks were present in the bases of the trunks. Some of the dead trees 


in the area of earliest kill had broken over in a severe windstorm during the spring of 
1950 Decay was present in the sapwood of such trees at the point of break, which was 


sually at a height of 1-3 ft. above the ground line. 


Some Aspects of the Peach Anthracnose Problem. DUNEGAN, J. C., AND D. H. 
PETERSEN. The fungus Glomerella cingulata was reported occasionally on peach prior 
to 1947; sinee then it has become increasingly prevalent on the fruit produced in the 
central-Georgia peach section. The hypothesis is advanced, as the result of field surveys 


1! 


in Georgia during the 1950 season, that this rapid increase in prevalence is associated 
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with the recently introduced practice of growing blue lupine for seed near peach orchards. 


This hypothesis has not been proved, although it has been demonstrated by cross-inocula 
tion experiments that spores from either host can produce typical anthracnose symptoms 
on the other host. As a part of the experimental program to test the validity of this 
hypothesis in 1951, lupine was sown in a block of peach trees at Fort Valley, Georgia, 
in October 1950. The seedlings were killed by the freeze of November 25, 1950; the area 
was reseeded immediately, but the second crop of seedlings was killed by the low tempera 
tures of February 2, 1951. These two periods of low temperature likewise have destroyed 
the commercial plantings of blue lupine. While the experimental program has been dis 
rupted, the destruction of the commercial lupine plantings and consequent elimination of 
one host provides a unique test of the validity of the hypothesis over a much wider area 
than would be possible in any experimental. program. 


Airplane Surveys for Oak Wilt. FRowLeR, MARVIN E., AND T. W. Bretz. Oak wilt, 
caused by the fungus Chalara quercina Henry, is one of the most important current prob- 
lems in forest pathology. Knowledge of its distribution and intensity is needed as a 
basis for the consideration of both local and wide-scale control. The disease is now 
known in eleven States, from Minnesota to Arkansas and from Nebraska to Pennsyl- 
vania. Pronounced bronzing of leaves, produced by the disease, permitted successful 
scouting from low-flying airplanes in 1950 in southern Missouri, northern Arkansas, and 
western Kentucky and Tennessee. In an airplane 100 to 500 ft. above the treetops the 
observer has a better view of the tree crown than is usually possible from the ground. 
Each observer in a plane surveyed about 17 or 18 sq. mi. of forest per hour. He indi 
cated the location of suspicious trees on a map and related them to landmarks that could 
be recognized by a ground crew. Suspected trees were examined later and specimens 
collected for fungus identification. The use of airplanes in scouting for this type of 
forest-tree disease proved to be faster and more economical than other methods. 


Observations on Some New or Undetermined Tree Diseases in Europe. GRAVATT, 
G. Fiippo. Chestnut blight, caused by Endothia parasitica, is rapidly spreading in Italy 
and Switzerland. The blight fungus on Japanese chestnuts near Bilbao, Spain, is re- 
ported to have come in on seed directly from Japan. The Spanish authorities expect to 
eradicate these isolated infections. The chestnut-blight fungus is attacking three im 
portant oaks in Italy, Quercus ilex, Q. sessiliflora, and Q. pubescens. The susceptibility 
of these three European oaks contrasts with the resistance of the many American oaks 
exposed to the blight in the United States, where only the post oak, Quercus stellata, has 
so far been severely attacked by this fungus. A serious disease of unknown cause has 
attacked vigorously growing Norway spruce in Holland. Trees scattered throughout a 
stand slow down in growth, their foliage becomes thin and chlorotic, and the trees may 
die within 2 years. A few dying Norway spruce, with somewhat similar symptoms, were 
observed in England, France, and Italy. Other undetermined diseases were observed as 
causing the death of groups of silver fir in Vallombrosa Forest, Florence, Italy; of 
scattered English walnuts in orchards in southeastern France; and of certain clones of 
poplars on Lolland Island, Denmark. 


An Apparent Influence of Naphthalene Acetic Acid Applications on Subsequent Fruit 
Abscission and Black-Rot Development. Groves, A. B. Black rot developed to a serious 
degree in a number of Rome plantings in the Shenandoah Valley area in 1950. The ob 
vious source of inoculum was infected small fruits which were part of the same blossom 
cluster as the developed fruit.These partially developed fruits, which would normally have 
fallen in the ‘‘June drop’’ or earlier, remained attached and subsequently became in 
fected with Physalospora obtusa. The relationship of the new infections to the infected 
and abnormally adherent fruits was readily apparent. A survey of several Rome plant 
ings revealed that the persistent fruits and attendant black rot occurred only in blocks 
which received applications of naphthalene acetic acid preparations in 1949. Blocks re 
ceiving no such application in 1949 were free of both abnormally adherent fruits and the 
associated black rot. 


Eight Years of Dithane vs. Copper on Potatoes in Delaware. HEUBERGER, J. W. In 
Delaware in 1943 a new fungicide (zine ethylene bisdithiocarbamate) was born when 
zine sulfate and lime were added to disodium ethylene bisdithiocarbamate. During the 
next two years, in Delaware, two formulations of this were developed, now known as: 
(1) Dithane D-14 (disodium ethylene bisdithiocarbamate), to which zine sulfate was 
added in the spray tank to form zine ethylene bisdithiocarbamate; and (2) Dithane Z-78 
(dry zine ethylene bisdithiocarbamate). Other similar materials (Parzate Liquid; Par 
zate) are now on the market. During the period 1943-1950, inclusive, yearly experi 
ments were conducted on late-planted potatoes (Dakota Red variety, 1943-1947; Pontiac 
variety, 1948-1950), comparing tank-form zine ethylene bisdithiocarbamate (Dithane 
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D-14 + zine sulfate + lime, 1943-1947: Dithane D-14+ zine sulfate, 1948-1950) with Bor- 


deaux mixture (6-3-100) and a fixed copper (Copper A Compound, 3 1/3-100) for disease 
control and yield effects. The early blight disease was present every year; the late blight 
disease was severe in 1946 and moderate in 1950. Percentage defoliation and yield, 


respective averaged for the 8-year period, were: untreated, 85,113 bu./A.; Bordeaux, 
38,163 bu./A.; fixed copper, 49,151 bu./A.; and Dithane, 27,194 bu./A. Percentage in- 
crease in yield over untreated was: Bordeaux, 44; fixed copper, 34; Dithane, 72. 


Resistance in Soybeans to Root-Knot Nematodes. HOLSTON, E. M., AND H. W. 


CRITTENDEN. The varieties Illini, Lincoln, Dunfield, Hawkeye, Richland, Wabash, Early 
ana, and Chief were planted in a nematode-infested field to determine their resistance. 
Microscopic examination showed that the organism involved was Meloidogyne incognita 
var. acrita. Average root-knot indices for the above varieties were, respectively, 5.5, 


27.2, 30.9, 38.0, 45.8, 52.8, 55.9, and 61.4. In the greenhouse, the varieties Illini, Wilson 
Black, Patoka, Richland, Lincoln, Chief, and Earlyana were planted. Average root-knot 
indices for this planting were 23, 37, 52, 77, 80, 87, and 89 respectively. Histological 
studies (infected roots treated with strong Flemming’s solution) revealed that the nema- 
tode population in the apparently resistant variety Illini was as high as in the severely 
knotted variety Chief; also, that egg masses occurred in both varieties at approximately 
the same date of maturity of the plants. This suggests that macroscopic examination of 
gall formation may indicate tolerance only, and not true resistance. 


Studies in the Physiology of Phytophthora phaseoli. Hyre, R. A., AND B. 8. Cox. 
Of ten media tested, oat agar supported maximum radial growth, sporulation, and spor- 
angial size of the fungus, and Lima-bean agar followed closely. Cardinal temperatures 
tested in 5° intervals) for radial growth were 5°, 20°, and 30° C. Aerial growth was 
greatest at 25° C. Size of sporangia decreased with increase in temperature to 20° C, 
Indirect germination of sporangia up to 95 per cent occurred in water and in sucrose 
solutions (5 per cent or less); little occurred in 10 per cent sucrose and 0.25 per cent 
sodium chloride solutions. At 10° and 15° C., indirect germination started within 30 
min. and was nearly complete after 3 hr. At 20° and 25° C., respectively, 25 per cent 
or less) and 2 per cent germinated after 30 hr. Direct germination was rare at 10°, 
15°, and 20° C. and seldom exceeded 5 per cent at 25° C. Percentage zoospore germina- 
tion in water and in 1, 2, 3, 4, and 5 per cent sucrose solutions at 15° C. was, respectively, 
21, 56, 73, 89, 94, and 93. Marked disintegration occurred in water. Rate of germina- 
tion increased with increase in temperature. Lima-bean plants became infected when 
they were atomized with sporangia, held for 2 hr. at 15° C. in a saturated atmosphere, 
and then quickly dried. 


Use of Phenyl Mercury Triethanol Ammonium Lactate for Control of Sweet-Potato 
Diseases. JEFFERS, W. F., AND J. E. Moore. Phenyl mercury triethanol ammonium 

te, as present in Puratized Agricultural Spray, has been shown by greenhouse and 
field tests to be effective in controlling three important sweet-potato diseases. When used, 
at a dilution of 1 part in 5,000 parts of water, as a momentary dip of the lower part of 
freshly-pulled sprouts, good control of wilt (Fusarium oxysporum f. batatas) and securf 
(Monilochaetes infuscans) was obtained. This material is also helpful in controlling 
black rot when used, at the above concentration, as a pre-bedding root dip. 


Spot Anthracnoses in Maryland and Their Distribution by Counties. JEHLE, R. A., 
ANNA E. JENKINS, AND W. F. JEFFERS. In order of the date of the first available record 
the 11 spot anthraenoses (diseases caused by Elsinoé, conidial stage Sphaceloma) at 
present known in Maryland are as follows: Plantain scab (1891), violet seab (1897-1899), 
bramble anthraenose (1898), grape anthraenose (1898), rose anthracnose (1925), snow 
berry anthracnose (1927), Hereules club seab (1934), flowering dogwood spot anthracnose 
(1946), mint anthracnose (1948), English ivy scab (1949), and snowball anthracnose 
(1950). Bramble and grape anthracnose have been mentioned in Maryland State reports 
from 1898 onward. Comparatively recent surveys have revealed the wide distribution 
in the State of plantain scab, violet scab, and flowering dogwood spot anthracnose. Spot 
anthraenose of flowering dogwood, although prevalent in southern and southeastern 
Maryland, practically disappears as far north as latitude 39. Representative photographs 
including kodachromes have been made from this material, which in several cases (E. 
corni, 8S. plantaginis, S. rosarum, S. symphoricarpi, E. veneta, and S. violae) has been 
distributed in the Jenkins-Bitancourt ‘‘ Myriangiales selecti exsiceati.’’ 

The Cushion-Gall Disease of Cacao. K&rvorKIAN, ARTHUR G. A previously unde 
seribed disease of the cacao tree, Theobroma cacao I.., attacks the floral cushions in trees 
in Niearagua, Costa Riea, and Panama. Upon becoming infected, the floral cushion is 
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stimulated to produce large numbers of floral initials or buds. Only a few of these are 
normal and open. In time, all buds in a given cushion are abnormal and the cushion 
resembles a hemispherical gall 1-3 in. in diameter, consisting of many floral initials. 
These proliferations cease to produce pods, and eventually a callus forms where the 
cushion once existed. Over a period of years cushion infection progresses from those on 
the trunks to those on the outermost branches until in advanced cases every cushion is in- 
fected and pod production is eliminated. In western Nicaragua, where the disease was 
first observed, an estimated 25 per cent of the trees were infected. In a few plantations 
50 to 75 per cent of the trees were infected. Although the causal agency of cushion-gall 
disease has not been investigated, a virus is indicated because of the systemic nature of 
the disease. Mealybugs were noted in abundance on all infected trees and these or other 
insects may be implicated in the dissemination of the disease. 


The ‘‘White Mold’’ Disease of Tomatoes in Cuba. KEvoRKIAN, ARTHUR G. An 
outbreak of the ‘‘white mold’’ disease interrupted a tomato breeding program at Cien- 
fuegos, Cuba. The mite, Eriophyes cladophthirus Nalepa, the responsible agent of this 
disease, is particularly active in February and March when temperatures are low and 
relative humidity high. The disease has been previously reported of economic importance 
in Florida and Ohio. Early symptoms are manifested on juvenile leaves, stems, and 
fruits as a downy-white to grayish fuzz caused by excessive trichome development. Later, 
the leaves are curved or rolled downward and growth is arrested. Internal symptoms 
show an increased development of parenchyma tissue at the expense of adjacent tissues. 
Typical symptoms were reproduced artificially in 2-4 weeks. A sucking insect, Cyrto- 
peltis tenuis Reuter, is believed to play a role in the dissemination of this disease, but this 
was not proved. Of the 12 varieties and 15 hybrid lines of tomatoes tested, none was 
immune. Flowers of sulphur dusted or sprayed, 4 lb./100 gal. water, applied twice, at 
2-wk. intervals, controlled the disease. Growth was then resumed. 


A Two-Phase System of Pasteurizing for Mushroom Culture. LAMBERT, E. B., AND 
T. T. Ayers. To insure effective eradication of harmful organisms from the beds we 
have developed a ‘‘ pasteurizing’’ procedure consisting of a short, high-temperature fer- 
mentation followed by a lower temperature to recondition the compost. Outdoor com- 
posting is limited to 2 weeks with three turnings to retain ample thermogenic capacity in 
the compost at filling time. The beds are filled loosely and the air temperature surround- 
ing them is raised to approximately 150° F., with the compost 5° to 15° higher. After 
about 6 hr. of this ‘‘ peak heat,’’ the bed temperature is reduced to approximately 115°, 
with a minimum air temperature of 105°. The beds are usually held at this temperature 
for three days after ammonification has ceased, or about 7 days. In some experiments, 
the compost was held at 115° for 12 days with no apparent loss in its yielding capacity. 
The initial high temperature eradicates from the beds all insects, mites, nematodes, and 
most harmful fungi. The low temperature conserves moisture, facilitates bed manage- 
ment, encourages a desirable fermentation flora, and prevents the subsequent development 
of Chaetomium spp. In our experimental house, beds pasteurized by this system have 
yielded over 3.5 lb. of mushrooms per sq. ft. of bed space and over 500 lb. per ton of 
fresh manure. 


Karathane for Controlling Two-Spotted Spider Mites and Powdery Mildew on Roses. 
McCLELLAN, W. D., AND FLoyp F. SMirH. Karathane, a 25 per cent wettable powder of 
2-eapryl-4,6-dinitrophenyl crotonate, has been tested for control of powdery mildew and 
two-spotted spider mite on roses in the laboratories at Beltsville, Maryland, and in com- 
mercial greenhouses. Equally good control of mildew has been obtained on the varieties 
Briarcliff, Cavalier, and Starlight, with one to three weekly applications of Karathane, 
0.5 or 0.75 lb./100 gal. plus 0.4 pt. Santomerse S. Slight injury oceurred on the youngest 
unfolding leaves when applications were made under high pressure (300 Ib.) or when tem- 
peratures were high (above 90° F.). This injury was more severe with the 0.75-lb. rate 
than with the 0.5-lb. rate. Karathane is a poor protectant, but good eradicant, against 
mildew as shown by laboratory spore germination tests on excised rose leaves. It has 
been effective against powdery mildew on dahlias, hydrangeas, and chrysanthemums in 
the greenhouse. On examination of parathion-resistant spider mites following some of 
the commercial trials with Karathane, a high mortality of the mites and their eggs was 
evident. In the laboratory it was found that, although nearly complete kill of spider 
mites in all stages occurred, the few survivors laid eggs normally, indicating a lack of 
residual toxicity. 


A Seed-Borne Virus Causing False-Stripe in Barley. MCKINNEY, H. H. Tests have 
shown virus in traces up to 58 per cent of the seeds in samples from field plats of false- 
striped Mars, Tregal, and Chevron varieties of barley. When noninfected seed of Chevron 
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fore planting, with virus from infected leaves, the seedlings remained 
vhen infected seed of Chevron was treated with trisodium phosphate infee 


on was prevented in the seedlings, thus indicating that the virus is inside the seed. 
Infected seeds tend to be small, suggesting partial control by screening. The virus 
nreets TI I ) 


lily by the carborundum wiping method; it has an ineubation period of 4-6 


lavs at 74° ¢ it has not been transmitted through soil; its thermal death-point in 10 

n. is near 68° ¢ the dilution end-point is slightly beyond 10%; at laboratory tempera- 
ires, the etivation time in plant Juice is 15-22 days, and in ¢lipped dried leaf tissue, 
355—40 davs This is a mosaie virus, inducing local lesions and stripe mosaic in all inocu 


ited seedlings of barley, wheat, smooth crabgrass, and sweet corn; local lesions in all; 
t n n occasional seedlings of smooth brome grass; local lesions only in rice 
nd in Samsul Turkish tobacco. 


Comparison of Certain Sweet-Potato Varieties and Their High Carotene Mutants as 
Susceptibility to Disease. Moore, J. E. The relative susceptibility of three varieties 
sweet potato, Little Stem Jersey, Nancy Hall, and Big Stem Jersey, and their high 

ene mutants, Jersey Orange, Nancy Gold, and Maryland Golden, to pox (Strepto 
ees ip o¢€a), scurf (Monilochaetes infuscans), Fusarium wilt (Fusarium oxysporum 
batatas), and to the incidence of cracking, was studied over a 3-year period. There 

ere signif nt differences between certain of the six varieties in their susceptibility 
to pox, scuri nd stem rot, and to the incidence of cracking. These differences were not 
consist t ssociated with high or low carotene content in the ease of seurf or stem 
rot. Two of the high carotene mutants were more susceptible to scurf and one was less 
susceptible than the low carotene varieties from which they were selected. The higher 
carotene mutants were more susceptible to pox and had a higher incidence of cracking. 
W het! this is a result of high carotene content or some other factor is not known. 
rhere Ss a positive correlation between the severity of pox and the incidence of crack 
ing. Whether this is a causal relationship or whether similar environmental factors favor 
he development of both disorders is not known. 


{ Disease of Maryland Broadleaf Tobacco with Symptoms Symilar to Leaf Curl Symp 


Mor¢ nN, O. D., AND H. H. McKINNEY. \ disease resembling the leaf curl occur 
¢ g in \ zuela appeared in two tobacco fields in southern Maryland late in September, 
- 1950, on suckers growing from stubble of cut tobacco. It causes stunting and shorten 
‘ g of leaf internodes which give a rosette appearance to the most severely affected plants, 
s Individual leaves are somewhat thick, succulent, and brittle. The leaf edges and leaf tip 

are generally rolled downward and inward toward the lower surface. The youngest leaves 
7 re the ost severely affected. Most diseased leaves are turned downward along the 
stal The midrib and lateral veins are sometimes knotty and crooked. Many affected 
s | corkserewlike twist to the midrib. No enations or leaflike outgrowths 

n observed along the veins. No insect vector has been found, but the disease 

has been transmitted through grafts. 


An electron micrograph of a cleared extract from 
seased plants showed a round disklike particle associated with the disease. 


i The part measured 75-80 mu in diameter and its margin was slightly irregular. 
7 
T] ] f Gelatin ¢ aps les for Making Single Eqgq Mass Jnoculations with the Root 
Knot N atods Veloidogyne spp). SASSER, J. N. In making host-range tests or in 
obt g pure cultures of root-knot nematodes (Meloidogyne spp.), it is often necessary 
to 1 late large numbers of plants using a single egg mass for each plant. If the egg 


nl 
placed in No. 00 gelatin capsules with a little moist sterilized soil, this ean |} 


e 
accomplished easily and rapidly, and the capsules can be placed exactly where wanted, 
increasing the percentage of infected plants. If pots are watered immediately after the 
sapsules are placed, the capsules dissolve at greenhouse temperatures, releasing the larvae 
within 24 hi 


Capsules containing egg masses can be stored in the refrigerator if placed 
in stoppered bottles to prevent drying 


out, but the bottles should be opened every few 


lays to renew the oxygen supply. Preliminary tests have shown that egg masses in 
psules can be kept in the refrigerator for at least two days. 


Interveinal Mosaic of Potato. Scuuttz, E. S. 
acterized by diffuse light-green 
tain, Irish Cobbler, 


Interveinal mosaic of potato is 
areas between the main veins of leaves in Green Moun 
and similarly reacting varieties. On some varieties the causal virus 
rugosity of leaves, but no mottling. Though the symptomatology of in 
osaic so closely resembles that of diseases caused by viruses A and X on some 
arieties that it might be taken for forms of them, interveinal mosaic can be distinguished 

irietal specificity. Varieties immune from viruses A and X are susceptible to inter 
veinal mosaic virus. The last is aphid-transmissible, whereas virus X is not. Inter 
veinal mosaie was encountered in Irish Cobbler in Maine several years ago and shortly 
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thereafter in other localities, notably in the Northwest, where it was named super-mild 
mosaic. Though 15 to 30 per cent affected hills have been observed, the extent of this 
disease is probably greater than reported, because of the frequently indistinct symptoms. 
Though it may not perceptibly reduce the size of affected plants, interveinal mosaic has 
reduced the total yield of tubers, by weight, in Green Mountain 13 per cent; in Irish 
Cobbler, 18 per cent; and in 41956, a variety immune from virus X, 14 per cent. 


The Relationship of Cercospora sp. to Seed Discoloration in Soybeans. SHERWIN, 
HELEN 8. Three kinds of seed discolorations, designated as gray, papillate, and brown, 
were found in seed lots of soybeans from Stoneville, Mississippi. Cercospora sojina 
Hara, the causal organism of the frogeye disease, was isolated from all three kinds of 
discolorations. Surface sterilization of discolored seeds for 10 min, in 1: 500 mereurie 
chloride in 50 per cent ethyl alcohol failed to eliminate the organism. Seedlings that 
emerged from discolored seed were fewer in number and were more dwarfed than those 
from clean seed. 


Release of Carbon Disulfide from Tetramethylthiuram Disulfide by Fungi. Sisuer, H. 
D., AND C. E. Cox. The authors have previously reported that when conidia of Fusarium 
roseum are in contact with purified TMTD in suspension, a volatile fungitoxie material 
is released. This material has now been tentatively identified as carbon disulfide on the 
basis of two different chemical tests. Mycelium and conidia of F. roseum, Penicillium 
notatum, and Glomerella cingulata as well as certain other plant cells possess the ability 
to release this gas from TMTD. Positive chemical tests for carbon disulfide were not 
obtained when purified TMTD was suspended in distilled water, in nutrient solution, or in 
cell-free culture filtrate. The gas was not elaborated by cells not in contact with TMTD. 
The ability of cells to release carbon disulfide from TMTD is destroyed by heating to 
60° C. for 5 min, but not by heating to 50° C. for the same time. This suggests that the 
release of carbon disulfide may be an enzymatic reaction. It is believed that at least a 
part of the fungicidal effect of TMTD may be attributed to carbon disulfide. 


Effect of Initial Storage Temperature on Weight Loss, Decay, and Surface Brown 
ing of New Potatoes. Smiru, WiLson L., Jk. Freshly harvested Irish Cobbler potatoes 
with different degrees of skinning, bruising, and exposure to sun and wind were stored at 
40° and 50° F. for 1 week and then shifted to 70° for 1 week to simulate commercial 
handling conditions. Similar lots of tubers were stored at 70° for 2 weeks. Readings 
were taken on weight loss, decay, and surface browning at the end of the first and second 
weeks. The experiment was conducted twice. Each time three 10-lb. samples of potatoes 
with each type of injury and exposure were stored at the different temperatures. No 
consistent differences in total weight loss were found at the end of 2 weeks regardless of 
the initial storage temperature. However, tubers stored initially at 40° F. lost signifi- 
cantly more weight during the week they were held at 70° than those stored constantly 
at 70°. Also those stored initially at 50° consistently lost more weight than those at 
70°, but less than those at 40° F. Surface browning was significantly less in potatoes 
stored constantly at 70° than in those stored initially at 40°, and in many eases sig- 
nificantly less than in those stored initially at 50° F. No decay was noted in either 
experiment. 


Streptomyces Isolates Pathogenic to Sweet Potatoes in Maryland. Smoot, Joun J. 
Three Streptomyces isolates, designated as SP 12, SL 2, and SL 5, were obtained from 
‘‘noxed’’ sweet potatoes and pox-infested soil. All three were pathogenic to sweet pota- 
toes in both laboratory and greenhouse tests. Symptoms produced under soil conditions 
were similar and comparable with those described for pox or soil rot caused by Strepto- 
myces ipomoea. With respect to physiological and cultural characteristics, SP 12 and SL 
2 were similar to each other and were also similar to 8S. ipomoea. SL 5, however, differed 
radically in the following respects: 1) more rapid growth rate on most media; associated 
with more abundant production of aerial mycelium; 2) more abundant production of 
soluble pigments; 3) lower temperature range for growth; and 4) good growth at pH 
values of 4.5 to 5 in contrast to little or no growth of the others below pH 5.3. The 
occurrence of SL 5 in certain soils in Maryland may explain why pox has not been satis- 
factorily controlled by use of sulfur to lower the soil pH in certain areas of Maryland. 


Concentration of Eleven Elements Including Mercury in Narcissus as Related to 
Bulb Treatment. Specut, ALSTON W., WILBUR D. MCCLELLAN, AND BARTON H. Mar- 
SHALL, Jk. Treated and nontreated King Alfred narcissus from Long Island, New York, 
North Carolina, Washington, and Maryland, forced in the greenhouse at Beltsville, Mary 
land, were analyzed spectrochemiecally to study the influence of mereury fungicidal treat- 
ments on the contents of mercury and other elements (boron, phosphorus, magnesium, 
manganese, calcium, iron, aluminum, copper, sodium, and potassium) in different tissues. 
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The mereurials used were New Improved Ceresan (ethyl mereury phosphate), 2 per cent 
Ceresal ethyl mereury chloride), Ceresan M (ethyl mercury p-toluene sulfanilide), and 
Mersolite-8 (phenyl mercury acetate). The tissues analyzed were the foliage, the upper 
one-fifth portion of the bulb, and the basal plate of the bulb with roots. A special type 
of electrode affording a sensitivity of 5 p.p.m. was developed for the determination of 


mercury 1) Mereury was detectable in the foliage only when treatments resulted in 
relatively high mereury content in the bulb, and 2) the concentration of mercury in the 
base and roots was in general proportional to the concentration of mercury in the fungi 
cide. The upper portion of treated bulbs tended to have greater concentration of all 


elements except potassium, particularly of aluminum, iron, copper, and manganese, than 
the untreated ones. This treatment effect was less evident in the base of the bulb and 


Pathological Behavior of Root-Knot Nematode on Snapdragon. TARJAN, A.C. The 
root-knot nematode recently has been found to be comprised of several morphologically 
different forms and the generic name Meloidogyne has been revived. Greenhouse tests 
were conducted using three inoculum levels of Meloidogyne arenaria, M. hapla, M. incog 
nita, M. incognita acrita, and M. javanica on five varieties of Antirrhinum majus. Plants 
were grown for 24% months after which measurements were taken on weight of top and 
root, root-knot index, number of females, number of egg masses, and rate of nematode 


reproduction. Plants inoculated with different species of Meloidogyne showed no sig 
nificant differences of top weight, whereas for root weight, plants infected with M. 
arenaria and M. javanica were highly significantly lower than plants infected with M. hapla 
and M. incognita acrita. Plants infected with M. hapla and M. javanica were highly 
significantly lower than other treatments in their root-knot index ratings, whereas those 
infected th M. arenaria were highly significantly lower than plants infected with M. 
neognita and M cognita acrita, Plants infected with M. arenaria, M. hapla, and 


M. javanica had fewer female nematodes than did those infected with M. incognita and 
VU. incognita acrita, the difference being highly significant. There were no significant 
differences between plants for number of egg masses or rate of reproduction of nematodes. 
Differences between the 1, 10, and 100 egg mass inoculum levels were highly significant 


1 7 ( Ses 


{ssociation of Certain Nematodes with Yellow Tuft of Bent Grass. TARJ an, A. (¢ 
AND M. H. Fereuson. Yellow tuft of bentgrass seems to have increased in severity 
within the Middle Atlantic States area during the past two vears. Last vear particularly, 
- I J 4 I aE) 
putting surfaces had been damaged on several golf greens. Examination of tufts from 
arious locations has revealed the presence of several nematode 


genera, among which 


two forms, Panagrolaimus rigidus and Eucephalobus oxyuroides are the most frequently 


ZL 


Juring examination of normal shoots, in some cases, the above-mentioned 


forms | ilso been found, but never in as great numbers as found in tufted shoots. 
In seve? eases, P. rigidus and EF. oxyuroides have been observed embedded in healthy 
leaf sheaths or between the leaf sheath and the stem. Microscopic examination of some 
of these forms has revealed chloroplastids among the intestinal contents. Whereas JP. 
rigid nd #. oryuroides had been regarded as free-living, normally saprophytic soil 
forms, it s possible, in view of the above facts, that the effects of their presence in 
sufficient iantity within shoots may manifest the symptoms of vellow tuft. It is also 


+ 


a strong possibility that vellow tuft is a syndrome to which the deleterious effects of these 
nen es may add materially. 


{ Strain of Alfalfa Mosaic Virus Causing a Systemic Mottle in Beans. THOMAS, 


H. REX \ virus causing primary symptoms in most dry bean and in some snap bean 
varieties and systemic symptoms in all bean varieties has been isolated from beans in 
Washington and from alfalfa in Idaho. The primary symptoms are veinal necrosis and 
reddish necrotie discoloration of the petiole. The systemic symptoms are a few small 
vellow iots In some varieties these are accompanied by an extremely mild mottle. 
The virus is referred to as yellow-dot virus. No evidence of seed transmission was ob 
tained greenhouse tests and no resistance was found among 45 bean varieties arti 
ficiall ! ulated. The virus was inactivated between 62° and 64° C. and withstood 
dilut f 2000. Inoculation of beans with the new virus protects against infection 
by | » elover yellow-pateh and alfalfa-N viruses. Beeause of the similarity of 


properties and the cross protection tests it is concluded that the vellow dot virus is a 


+ . { folfs aie * 
St! ita mosale Virus, 


Resistance to Downy Mildew in Lima Beans. Tuomas, H. REx, HANS JORGENSEN, 
H. H ; i Np R. E. WESTER Resistance to Lima-bean downy mildew (Phytoph 
thora phaseoli Thaxt.) has been found in five different collections of Lima beans: (1 
P.E.T. 164155 from India, (2) P.E.I. 162580 from Guatemala, (3) a selection from 
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southeastern United States, (4) line L 37 from R, W. Allard in California, and (5) a 
wild Lima bean from Mexico. In the greenhouse under conditions of severe infection 
some necrosis and slight sporulation develops on the resistant lines, suggesting that a 
hypersensitive type of resistance is involved. No evidence of sporulation on the plants 
has been observed in the field during a 2-yr. period. The F, generation plants are 
resistant and tests on limited backcrossed plants and F, plants suggest that the resistance 
to infection is controlled by a single dominant gene. 


Potentialities of Southern Bean Mosaic in the Field. ZAUMEYER, W. J., AND H. H. 
FISHER. Southern bean mosaic was isolated first in 1940 from mottled bean pods re 
ceived from Louisiana. It was not until 1948 that the disease was reported as causing 
serious damage to snap beans in commercial acreages in southern Illinois. The disease 
has since been reported from Tennessee, Georgia, and Mississippi. All of the early 
studies on varietal resistance and susceptibility were conducted in the greenhouse, 
where the systemic symptoms produced were considerably milder than those of common 
bean mosaic. In the field in 1950, 68 varieties and strains of snap beans planted in three 
separate blocks were inoculated with southern bean mosaic virus, common bean mosaic 
virus, and a mixture of these. A comparison of severity of infection was made. When 
inoculated with southern bean mosaic virus, 21 varieties and strain showed severe in- 
fection, 33 moderate, and eight mild; six remained healthy. When inoculated with 
common bean mosaic virus, none showed severe infection, 33 were moderately infected 
and three mildly; 32 remained healthy. Inoculation with a mixture of the two viruses 
produced severe infection on 35 varieties, moderate on 23, and mild on five; five remained 
healthy. If southern bean mosaic becomes widespread throughout the snap bean growing 
areas of the United States, serious damage to the crop will result. 


Following are titles of other papers presented but for which abstracts were not 
furnished: 

European Herbaria in Relation to Plant Pathology. DIEHL, W. W. 

The Occurrence of Tobacco Etch Virus in Greenhouse Tomatoes. DOoo.iTT Le, S. P., 
AND L, J. ALEXANDER. 

Testing Forage Legumes for Resistance to Sclerotinia trifoliorum. KreEirLtow, K. W. 

Survival of Races in Chlamydospore Mixtures of Tilletia foetida and T. caries. 
RODENHISER, H. A., AND C. 8. HOLTON. 

Resistance in Potato to Various Physiologic Races of Blight. STEVENSON, F. J., 
AND E. S. SCHULTZ. 

Ustilago nigra; Present World Importance and New Physiologic Races. TAPKE, 
fe 2 
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PHYTOPATHOLOGICAL NOTES 


A Leaf Punch for Sampling Foliage for Analysis of Spray Deposits. 
Ropert E. Apams, Roperr M. Prarr,' anp C. W. Terry. In the study of 
the mist concentrate spray method the analysis of deposits and spray 
residues on leaves provides a useful tool for evaluation. Deposits from 
the more concentrated spray mixtures are relatively easily brushed off me- 
chanically, and when samples for analysis are cut from detached leaves 
a large error probably is introduced by the attendant rubbing together of 
the leaves. Furthermore, the actual original leaf area sampled will vary 
when disks are cut from detached leaves, depending on how much wilting 
has occurred. A method of sampling is needed by which samples uniform 
in area may be taken without detaching the leaves and without loss of any 
spray deposit dislodged in the sampling procedure. 

During the past two seasons, 1949 and 1950, we have developed a punch 
for sampling attached foliage. With this punch, leaf disks are cut indi- 
vidually and dropped into a shell vial without being touched except with 
the punch. The method was suggested to one of us by Mr. C. R. Stearns, 
Jr., of the University of Florida, Citrus Experiment Station. Each sample, 
consisting of disks from the desired number of leaves, is collected into a 
single vial. It is then carried to the laboratory and washed from the 
vial with the reagent used to dissolve the residue. Thus, any material 
brushed off the sample in collection is recovered from the walls of the vial, 
and wilting of the leaf is not a factor because the area of the sample is 
determined at the time it is taken. 

To provide whole numbers for convenience in calculation, the punch 
was designed to eut disks exactly 3 sq. em. in area (1.954 em. in diameter), 
a convenient size for sampling the leaves involved in our studies. For aid 
in recording the number of disks in each sample, a Veeder counter was 
mounted on the top of the punch and attached to its mechanism. A 
13 « 14-in. block of hard rubber 1} in. thick, with a hole of suitable size 
to receive and hold the vial firmly, was mounted on the bottom of the 
punch, the hole in the rubber block aligned with the discharge hole in the 
punch, The vials may be easily changed for the collection of successive 
samples 

The sample is collected and prepared for analysis in one operation. The 
leaf to be sampled is guided into the jaws of the punch with one hand and 
the punch is operated with the other. 

The basic punch was obtained from the Mae Mieth Company, Inc., 
14 TIunter Street, Newark 5, New Jersey. It is a lever-action hand punch 
of the cloth-punch type (Fig. 1)—Departments of Plant Pathology and 
Aecricultural Engineering, Cornell University, Ithaca, New York. 


1 Present address: University of Florida, Citrus Experiment Station, Lake Alfred, 
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Fic. 1. Assembled leaf punch. 


Heart Rot of Black Ash in Minnesota. DoNnatp M. Stewart.’ A heart 
rot of black ash, Fraxrinus nigra Marsh, associated with sporophores of the 
fungus known as Polyporus hispidus (Bull.) Fries, was found for the first 
time in Minnesota on February 10, 1950, at the Quetico-Superior Wilderness 
Research Center? at Basswood Lake, on the International Border between 
Quetico Provincial Park (Ontario) and Superior National Forest (Minne- 





Fic. 1. Polyporus hispidus (Bull.) Fries on black ash, Fraxinus nigra M. Left, 
section of decayed log; right, exterior view of canker and sporophore. 


1 Graduate student, University of Minnesota. 
2A privately owned reforestation project for cooperative research by scientists of 
Canada and the United States in matters relating to wilderness values. 
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sota Baxter® reports that this fungus is usually epidemic wherever it is 


found on black ash in Michigan and that it has never been found on any 
other host species within the State. Lorenz and Christensen‘ report consid- 
erable decay by Polyporus hispidus in all species of oaks throughout the 
Allegheny and Appalachian regions. Sleeth and Bidwell’ found this fun- 
gus associated with cankers on oak. 

Three fruiting bodies of the fungus were found on living trees near 
branch stubs with cankers (Fig. 1, right). Mr. Clifford Ahlgren, Resident 
lorester, reported finding these fruiting bodies about 15 to 20 ft. from the 
ground on three of 80 trees examined in Lake County, Minnesota. 

At the Research Center, about 15 cords of 70- to 80-year-old black ash 
were cut. The trees ranged 5-12 in. in diameter, 43 ft. above the ground. 
Rot similar to that associated with the sporophores was found in about 
5 per cent of the trees cut. Conspicuous black border-zone lines between 
the apparently sound and the decayed wood were present in both radial and 
transverse sections of logs (Fig. 1, left). In the radial section of the de- 
cayed log the annual rings had partly separated. According to Baxter,® 
no definite black lines separate the so-called rotten and the apparently sound 
regions of black ash such as are present in trees decayed by Fomes igniarius 
or Fomes everhartii. Baxter inoculated saplings of ash with pure cultures 
of Polyporus hispidus, and 4 months later the fungus has penetrated into 
the sapwood. 

Black ash is widely distributed in Minnesota and is potentially impor- 
tant for fence posts. The presence of this wood rot may limit such utiliza- 
tion University Farm, St. Paul, Minnesota. 


Baxter, Don V. The heart rot of black ash caused by Polyporus hispidus Fr. Mich. 
Acad. Sei., Arts, and Letters, 3: 39-50. 1924. 

* Lorenz, Rolland C., and Clyde M. Christensen. <A survey of forest tree diseases 
and their relation to stand improvement in the Lake and Central States. U.S. Dept. Agr., 
Bur. Pl. Ind., Mimeographed Publ. In cooperation with Civilian Conservation Corps, 
U. S. Forestry Service, Region 9, and University of Minnesota. 1937. 

Sleeth, B., and C. B. Bidwell. Polyporus hispidus and a eanker of oaks. Jour. 
Forestry 35: 778-785. 1937. 

Baxter, Don V. The biology and pathology of some of the hardwood heart-rotting 
fungi. Amer. Jour. Bot. 12: 522-576. 1925. 
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